JOURNAL OF 


r---------- 


| 


October 1955 


an : 
~ 

| 
: 
te 
: 

x 
- 


INTEGRATED | 
>OURING UNIT FOR THE PRODUCTION 
“ALUMINUM @DIE CASTINGS 


See it On Displey ot the Meteo! Show, BOOTH 1619 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


TAMA-WYATT 


CLECTRO METALL UROICAL and Assoc aied 
AJAX ELECTROTHERMIC CORP 
CO 

CLECTRIC FURNACE 


| | 
5 : * 
4 
av 
er machine and per mant gher produc 
pares 


JOURNAL OF 


7 
} H 
i 

| 


Published to provide a continuing, authori- 


tative, and up-to-date record of tech- 
nological, engineering, and economic VOL. NO. 18) OCTOBE R, 1955 
progress in all branches of the metols 
industry by the 
Metals Branch 
American Institute of Mining and COVER 
Metallurgical Engineers, Inc 
29 West 39th Street, New York 18 
ALVIN S. COHAN 


Cover by Horry Brocke illustrates the variety of metal shapes and designs 


NEWS 


ager of Publications 


Editor, JOURNAL OF METALS Employment Service 1068 Trends 1080 
— bs —— Coming Events 1072 Drift of Things 1082 
Associate taitor 
“ee Books for Engineers 1074 Reporter 1085 
Industrial Notes 1078 AIME News 1137 
Assistant Editors 
GRACE DoLit Production Manage 
W Ewit Asst Prod Mgr 
TECHNICAL FEATURES 
METALS BRANCH COUNCIL Basic Checkers Proved Economical on Replacement Comparison 
1. Scoff Chairman with Clay von 1088 
AW hal D Cho nei Waste Disposal Is Vital to Atomic Power Development 
Schiechten EMD Chairmar M. Rict 1090 
S Morsh D 5. Ganchhatner Climax Molybdenum Co. Expansion Story 1093 


EDITORIAL ADV RY COMMITTEE 


Smart, Jr Chairman 
W. A. Deor Evan Just TRANSACTIONS 
C Kinneor, Jr John Marsh 
TD Establishing Soaking Pit Schedules from Mill Loads 
TE Al PUBLICATIONS 1105 
MMITTEES Agglomerating Fine Sized Ores with Low Temperature Coke . * 
Robert Aborn A ME Chairman 1114 
vt Preparation of High Purity ZrCl, from Alkali Chiorozirconates 
WR Hibberd Jr MD Choirmon yor 1118 
E J. Kennedy, J+ Secretar) 475°C Embrittlement of Chromized Coatings on Low 
Carbon Steel 1121 
WARREN V SMITH 
Bester Masa Solubility and Density of Hydrated Aluminas in NaOH 
BOR W Solutions 1123 
_ Westen Advertising Manage Oxidation of Phosphorus and Manganese During and After 
Flushing in the Basic Open Hearth 1129 
The AIME Publishes 
urna! of Met TECHNICAL NOTE 
Min ng Engineering 
purnal of Petroleum Technolog High Nitrogen Cast Austenitic Steels roy 11192 
Published the first d i h month by the Americon Institute of Mining Meto 9 wgineers r P et ow York 18 
N Y Te ephors pe 6-922 ibs ptior per yeor for non ME meme: tad Ame 
$10, foreign; $6 for AIME membx $4 additiona! in combinction with o subscription to “Mining Engineering ' Pet W nology ” 
single copies, 75 cent gle cor foreign, $1.00; special issues, $1.50 The AIME is not re e tor ony stot tf n expresse 
New York ndexecd Engines 5 j A ndex ond ‘ A 
ot the post office at New York, N.Y, under the Act of March 3, 1879. Additiono! entry estot A hester, 


OCTOBER 1955, JOURNAL OF METALS—1065 


\ 
\ 
; 
' 
By 
re 
3: 
q 
Fe » 
i 


Stokes vacuum brazing furnace at Pratt & Whitney 


Aircraft offers complete accessibility to work area and 4 
simplicity in material handling These three simple opera f ratt & Whitney f 


tons are involved (1) placing of work (2) covering work 
with retort and (3) lowering the furnace shell 


Stokes manufactures a complete line 


STOKES MECHANICAL 
VACUUM PUMPS 


vo m pumping equipment. This 


or nechanical vocuum pumps, 


diff and booster pumps, vacuum For vocuum processing systems and 


for maintaining low forepressures 


valves and gages, and complete 


in high-vacuum systems, the Stokes 


eered high vacuum equipment Microvac pump provides efficient 


toke builds vacuum metallizers economical operation. Designed 


furnaces and other vacuum with fully cutomatic lubrication 


essing equipment and a long lasting exhoust valve , 
assembly, every Microvac pump is 
Stokes has for many years been assured of smooth, trouble-free 
clive iN vacuum research. Vacuum operotion. Six sizes give copaci < 
experience among our engineers ties from 15 to 500 cfm. Send for 
vers the range trom taboratory catalog listed at right. : 
equipment to some of the largest & 
vacuum equipment in service. This 
experience is available to help solve : 
| 
your vacuum problems. | 


THE COMPLETE LINE OF STOKES 
Of 
— || 


Versatile new furnace design also can be used for heat-treating 
and outgassing at high vacuum or under controlled atmospheres. 


A logical development of vacuum metallurgy, high-vacuum brazing, 
presently being investigated by numerous firms throughout the country, 
promises to produce superior products more economically than brazing 
methods used heretofore. Tests of vacuum brazed components indicate 
the greater strength, ductility and uniformity of assemblies produced 
by this method 

Typical of firms currently carrying on investigations in this field is 
Pratt & Whitney Aircraft, East Hartford, Conn. The firm is using a Stokes 
furnace in experimental work on the application of vacuum brazing to the 
production of jet engine components. 


Stokes’ furnace design for vacuum brazing is practical takes into 
account the problems of large-scale production. The Stokes dual-chamber 
design, with a smooth-contour retort completely enclosing the work, permits 
faster vacuum pumping cycles; provides complete accessibility of the work 
area and a large, uniform temperature zone. 

Stokes engineers have a wealth of practical experience in the field of 
vacuum metallurgy We'll be glad to discuss the application of this fast- 
growing science to your production. Write for Catalog 790 containing 
valuable information on Stokes High-Vacuum Furnaces 


F J Sroxes Macuine Company, 5504 TaBor Roap, PHILADELPHIA 20, Pa. 


Aircraft Uses Stokes Furnace to Investigate 


Vacuum-Brazing of Jet Engine Components 


SEND FOR 
TECHNICAL 
LITERATURE: 


Microvac Pumps—Catalog 750 
Diffusion and Booster Pump 
Specification sheets 
ond performance curves 
The Story of the Ring-Jet Pump 
Complete Vocuum Processing 
Systems—Catalog 730 


How to Core for Your 
Vacuum Pump—Booklet 755 


Vacuum impregnation — 
Catalog 760 


Vacuum Drying—Catalog 720 
Vacuum Furnaces — 
Catalog 790 
Vacuum Metoallizing — 
Cotalog 780 


Vecuum Calculator 
Slide Rule 


J 


VACUUM EQUIPMENT 


STOKES RING-JET DIFFUSION 


AND BOOSTER PUMPS 


= 
: The new Stokes Ring-Jet Pumps em 


body a new concept of the diffu 
sion principle. Size for size, they 


have pumping speeds of 10% to 


— 
~ 
— 
— 


more than 100% above any other 
diffusion pump for a given heat 
input. Ring-Jet Diffusion Pumps are 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 


Send for informetion listed. 


cian Reaecearch ewnerience in feld af 


STOKES VACUUM VALVES 


To control vocuum sofely and surely, Stokes 


vacuum valves ore available in 4, 6, 10 and 


léinch standard flange sizes 


STOKES-McLEOD VACUUM GAGES 


For measuring vacuums from fractions of a 


micron up to 50 mm, Stokes Mcleod goges ore 


the stondord of reference. Four sizes ovoilable 
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sten, titaniur jesires responsible Engineers. (a) Supervisor of mag- 

— ae atin a position, preferat n research with netic materials in research and de- 
in commuting tance f Bridge- velopment dept. Must have Ph.D. in 

T wing employment items ore mode port area, Cor Mi-144 physics or metallurgy and minimum 
’ AiME members on a nor of five years experience in research 
pneering Societies Per Metallurgical Engineer, MS. 31 or development of magnetic, Alnico 


o! 
ng in cooperatior Five year e research, de- and Ferrites, precision casting, pow- 


veties. Lox ftices velopment and | ‘ ntrol n dered metallurgy. Salary open. (b) 
tB8W 40th St. cludes metalvy king steel, nonfer- Silicon steel research supervisor, 
” New York 18 i neworth Ave, Detroit: rous and powder metallurgy. Grad- with degree in metallurgy or 
Son Francisco; 94 | ndolph St uate studie Desires position with physi for research and develop- 
hicago | rr. future leading nt management ment dept. Must have minimum of 
bers e of the New with progre ve organization. Loca hve years experience in research 
te 6c in stomps for for tion immaterial. M-145 and development of steel for the 
; ‘ he of electrical industry Must be very 
f sition by POSITIONS OPEN high type of caliber Will hire and 

the ement supervise his own staff. Salary open 

AIME members mx ineers. a) Research process Location, western Pennsylvania 

w b eta rgist aster r doctor le W2042 
$ ad gree in metallur; with up to five 

years experience, for research and Engineers. (a) Associate metallur- 

levelopment in nonferrous extrac- gists, B.S. in metallurgy or physics, 

P MEN AVAILABLE ——— tive metallurgy in research dept. of for research and development dept 
nonferrou mining and meiting Must have minimum of four years 

Metallurgist . - M.S. de mpany. Pyrometallurgy, roasting experience in research and metals 
ana ntrol eltir proce research for pro and have ability to write reports and 

t and ¢ t luct f nferr metal ! comprehend metallurgical processes 

pengan> red luding titanium. (b) Research phys Salary open. (b) Research metallur 

ppe tung il metallurgist, master r doctor's gists, male or female, for research 

egre¢ pi il metallurg with dept. Must be graduate of recog 

f p to five years experience for re rized technical school and have 
MINING ENGINEER earcn in product development group minimum of five years experience in 

M Mi, f research dept. for producer of research and development of metals 

ed nonfer metais ind alloy and alloys Must be able to outline 

7 leveiopment, metai finishing, corro and conduct research and develop- 

; " Rinees r nd electrochemical research ment program, expand use of the 
; i ot least Locat East. W2053 present steels and improve steels 

| e to re 


METALLURGIST NUCLEAR POWDER METALLURGIST 


ellent pportunity for qualified 


Nickel Processing Corporation for research man te nm Research Department 
nd dev nent work ‘ progressive compony Preter 
f y attrac man with bockground and experi 
spected tive working conditions in on ex ence in nuclear powder metallurgy 
Apt me field. Corbide experience helpful 
pabie oF leading pr Selory commensurate with experi 
writing clear, concise ence and ability. Submit resume 
: 4 4 , nciuding description of work, ex 
egree err ce 
| trochemistr, SOUTHERN RESEARCH perience education references 


expe INSTITUTE ent etc Locotion 
Birmingham, Alaboma 


for 


| wenturous engineer willing RESEARCH METALLURGISTS METALLURGISTS 


pressive programs at Ar APPLIED RESEARCH 
K.27M AIME nour tte prote ro 
ment rtunities not only ir - Exponding ferrous and nonferrous re 
ut als positions for capo 
w « mport t in ‘ wing te 
the future A Inment ur ny process met urgy 
METALLURGICAL reas. APPLIED METALLURGY and dove 
POWDER, WELDING, PHYSICAL reactor techn: 
ENGINEER MECHANICAL NONFERROUS high-temperature and mechonice 
4 N NEE R ELTIN net 
Experenced im light metals Excellent MET Al mine roce g 
pportunity for growth im field of metoliurg economics 
magnesium atrussons Product and Or Turtner information about these mque nformol teomwork research 
pr rom e 1 inquiries tc € tte ex pporturnties 
process development throwgh combing roftes ement and per 
sien pleont and leboratory work Mer T E DePine evelopment merit pr 
thor Please submit brief quo 
Write, giving full details on education ARMOUR RESEARCH tions description for prompt confiden 
experience ond solery requirements FOUNDATION tia “sideration to 
‘ netitute ‘Ty The Personne! Manager 
TH W CHEMICA MPANY y 
DOW CHEMICAL CO : BATTELLE MEMORIAL INSTITUTE 
MADISON, ILLINOIS nip 505 King Avenue 
Vicinity of St Lows 6 mor Columbus |. Ohic 
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Salary open Location, western 


Pennsylvania. W204! 


Metallurgist with experience in 
X-ray diffraction and X-ray fluores- 
cent analysis studies and their ap- 
plication to metallurgical problems 
Salary open. Location, Northwest 
W2028 


Metallurgist, 26 to 40, metallurgi- 
cal graduate, with metallography, 
inspection, extrusion and production 
experience in wire or tube mills 
Salary, $6500 to $8500 a year. Loca- 
tion, Ohio. W2016 


Research Engineers. (a) Research 
engineer or research metallurgist, 
Sc.D. or M.S. in mineral engineering 
or metallurgical engineering, to con- 
duct research leading to better 
methods of mineral recovery. Two 
to three years experience as a re- 
search engineer is desirable. Must 
have demonstrated ability for ini- 
tiating and directing experimental 
work in fields of mineral dressing or 
extractive metallurgy. (b) Research 
engineers, Ph.D. or Sc.D. in chemical 
engineering or extractive metallurgy 
for duties focused on the technology 
of extremely pure metal compounds 
and their subsequent reduction to 
metals. Will have responsibility for 
bench scale to pilot scale work on 
leaching 
melting, 


unl operations such as 
chlorination, distillation, 
high temperature furnace work, sol 
vent extraction and ion exchange 
Ability in preliminary design is de- 
sirable. Location, New York State 
Wwi998 


Physical Chemists. (a) One with 
Ph.D. in physical chemistry or met 
allurgy for investigation of the phys 
ical chemistry of reactions occurring 
during melting and refining of met- 
als in connection with the design of 
new alloys based principally on 
heavy, nonferrous metals and the 
newer metals such as titanium. Re- 
search experience or dissertation in 
molten metal equilibria preferred 

b) One with Ph.D. in physical 
chemistry or physical metallurgy for 
investigation of reactions of solid 
metal with gas at elevated tempera 
tures. Emphasis will be on the oxi- 
dation of metals. Apply existing oxi 
dation theory in an attempt to im 
prove the oxidation resistance of 
present high temperature alloys and 
to develop oxidation resistant alloys 


based on the newer metals such as 


titanium. Research experience or 
dissertation on solid metal gas re- 
actions preferred Location, New 


York State. W1997 


Metallurgists. (a) Physical metal 
lurgist, M.S. or Ph.D. or equivalent 
in physical metallurgy, for investi 
gation of kinetics of solid state reac 
tions leading to the design of new 
alloys for high temperature applica- 
tions as well as alloys based on reac 
tive metals such as titanium. Must 
be capable of originating and direct- 
ing research programs in alloy de- 


sign. Research experience in field of 
alloy design desirable. (b) Solid 
state physicist or metallurgist, Ph.D 
in solid staté physics or metallurgy, 
to conduct fundamental research in 
the field of magnetic materials. Work 
should lead to design of new alloys 
for improved permanent magnets. 
Substantial dissertation research ex- 
perience on magnetic properties of 
materials will be adequate back- 
ground. Location, New York State 
W 1996 


Metallurgist, with at least a B.S 
degree with major in metallurgy 
from a first class engineering col- 


lege, and at least two years actual 
milling experience. Salary, $4800 to 
$6000 a year, Canadian currency 
Location, Canada. W1986S 


Sales Engineer with metallurgical 
engineering training and melting 
experience, to call on foundries and 
furnaces. Salary, $5000 to $6000 a 


year plus bonus. Territory, East; 
headquarters, New Jersey. W1980 


Metallurgical Engineer, young, to 
act as assistant to chief metallurgist, 
for a fabricator of sintered metal 
parts on a custom molding basis 
Salary open. Location, Connecticut 
Wi1978 


321 


be of value to you. 


Reg 


are you producing 


STAINLESS STEEL. 


Titanium Stabilized 


low aluminum residual in this steel tends to lessen the 


formation of the detrimental Sigma phase 


this can be more easily accomplished by the addition of 


low carbon Ferro Titanium which is low in Aluminum 


TAM, as a principal supplier of low carbon Ferro 
Titanium, is equipped to supply your requirements. Our 


broad experience in the application of LCFT may also 


Why nor write our New York office for the latest tech 


nical information as well as prices and deliveries 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sale: Office 


New York City 


General Offices, Works and Research Laboratori 


Niagara Palls, New York 


111 Broadway 
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ightweight Cabinet for Electronic Brains 


you can depend on DOW M. 1GNESIUM 


HEMICAI 


...made of magnesium 


Magnesium 


onsider using Dov 
al metals. 


actual the lightest of all structur 
P 1 rigidity which permits simplifying your design 


ght reduction 
und ease of forming are just two of the many plus 


fabricating Magnesium 
luction is a long 


t t complete details. From design to produ 
first step with the right metal! Investigate magnesium. Complet 

il fabricating ta tes are av stlable at D w's Bav 
ll as from other fabricators located throughout the country 
Sales Department MA 306H 


COMPANY, Magnesium 


DOW 


| 
4 
% 
— 
Here's why you, t should 
* It ght 
hae 
It has hig 
d Excellent weldal 
i! ws if 
Now is t 
take t 
at 
1) is 
— Midland, Michigan 


Hig ac} awing strates the possible listribution of energy in ultra-high-frequency “over 
he. t | that of a powertl searchlight wt e beam point 
the sky. Light car see « away from behind a hill even when the searchlight lens is invisible 


Something new 
on the telephone horizon 


Telephone conversations and tele stations would be difficult to build 
vawom | ictures can now travel by ultra In standard microwave line-of sight 
high-frequency radio waves far be transmission. stations are so spaced 
yond the horizon This was recently that the main beam can be used. But 
demonstrated by Bell Tek phor e Lab now, with huge 60-foot antennas, and 
oratories and Massachusetts Institute much higher power, some signals di 
of Technology scientists using “over- if this main beam as it shoots off ints 
the-horizon” wave propagation, an im space. These signals reac h distant points 
portant recent development in the hevond the horizon after reflection o1 
radio transmission field scattering by the atmosphere The 

This tee hnique makes possible 200. greater power! and larger antennas of 
mile spans between stations instead of the “owver-the horizor evetem permit 
ive s0-mile spans used for present line recapture { some of these signals and 

This experimental GO-foot emtenna (reer of-sight transmission. It opens the way make them useful carriers. The sv« 
photographed at Bell Laboratories 
i, New Jeracy. is designed for to ultra-higt frequencies across water tem will be a valuable supplement to 
study of “owerthe-horizon” phenomena or over rugged terrain, where relay existing radio relay links 
BELL TELEPHONE LABORATORIES 
lmopr ng telephone service for America prot ides careers for creative men im scientifi and technical freld % # 
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Coming Events 


Oct. 2-5, AIME. MGGD fall meeting and 
Black Hills regional m Ind. Min. Dv 


Alex Johnson Hotel ty 


Oct National Electronics Conference 
Hote! Sherma Chicag 


Oct. 6-7, AIMEE, NON Southwestern Sec 


Lor ansas Cit 
Oct. 68, AIME, Rocky Mountain Minerals 
Conference, Hotel Newhouse, Salt Lake 
City 
Send for 7 Oct American Ceramic Seciety, refrac- 
FREE booklet 4 tor div ford Springs. Pa 
Oct. Electrochemical Seciety, Willian 
Per Hotel, Pittsburgh 
Oct. 11-15, SAE. aeronautic meeting, Hotel 


Statier. Los Angeles 


Oct. 12-14, Iren and Steel Institete, Scun 


thorpe. England 
a. Oct. 13-14, Enginters’ Council for Professional 
Development, annual meeting, King Ed- 
ward Hotei, Toronto, Canada 
vs Oct. 14, AIME, NOHC, Eastern Section, all 
PS da technical meeting, Warwick Hotel 
7 Philadelphia 
Oct. 14-15, National Seciety of Prefessionsi 
i? Engineers, {all meeting, Peabody Hotel 
$ Memphis 
, Oct. 17-19, AIME, IMD, fall meeting, Adel 
4 phia Hotel, Philadelphia 


Oct. 17-21, National Metal Exposition and 


Congress, Philadelphia 
7 Oct. 17-21. National Safety Congress and Ex- 
¥ position, Conrad Hilt Congress, Morri 
: and LaSalle Hotels, Chicag 


Oct 19-t1, Colum 
annual cor 
bined Pian fo 


neering, Arden H 


Det. Noise Abatement Sym- 

pesiam esearch Foundatior 

stitute of Technology. Chicago 


Oct. 24-25, Steel Founders Seciety of Amer 
tea, fall meeting. Greenbrier, White Sulphur 


Springs 

Oct. 4-26, American Standards Assn, na 
tiona mference, Sheraton Park Hotel 
Washingt D. « 


Oct. 24-29, Sectete Francaise de Metallurgic 
ting, Paris 


autumr yetalliurgical meeti 
France 

U A WE | 0 C | | | CAL Oct. 4-28, National Industrial Cenference 
Beard, atomic energy ir dustry, Waldorf 
Astor Hotel, New York 


METALLURGICAL PROBLEMS 


Oct. 27-29, AIMEE. Ind. Min. Div.. fall meet 
ng. Hotel Charlotte, Charlotte 


4 product design will be interested in this Cal 


Oct. S1-Nev. National Lubricating Grease 
story f U1 a's Metals Division, one of the Institete, annual meeting. Edgewater Bene h 
Hotel, Chicago 
argest producers of vacuum melted alloys a 
New 1-3, Investment Casting Institute, an 
With facilities and experience second to none, 
New 1-5, Werld Sympestam on Applied Solar 


Utica has been in volume prod ction of vacuum melted alloys Energy. Westward-H Phoenix 

for more than two years—and is helping designers to extend Nev. 2, SAE, The Chase, St. Louis 

product performance and to meet extremely critical conditions Nev. 4, AIME, Pittsburgh Local Section, off- 
the-record meeting William Pen Hotel 


+ This 8-page, illustra.ed brochure is yours for the asking. Kindly 
write us on your business letterhead 


Nev. 7-9. Eastern Joint Computer Conference 
Hote! Statier r fass 


* Nev. Stanferd Research Institute, associ 
ates’ day, Stanford, Ca 


New. Industrial Management Seciety 


time and mot study and management 
Ofer of facilities DI SS ALLOYS nic, Sherman Hotel. Chicag 
is Jan. 18 1954. AIME Western Sectior 
national defense order Rodger Young Auditoriur 906 W Wash- 
ngton Bivd.. Los Angeles 


UTICA DROP FORGE AND TOOL CORP., UTICA, N. ¥. 20:35. AIME, annual meeting, Statler 
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X-R AY 


Addition of the Spectograph further ex- 
tends the versatility of the apparatus by 
permitting rapid qualitative and quantita- 
tive analyses or determinations of elements 
present in a sample regardless of free or 
combined state. High-intensity X-ray tubes 
and a variety of spectrographic holders are 
available for use with odd samples in fluo- 
rescence analysis studies. 


With Norelco X-ray diffraction equipment, 
you can start with the basic units and build 
on a piece-by-piece basis, arriving at com- 
plete flexibility in techniques of X-ray anal- 
ysis methods. 


Serving Science 


and Industry 


GROWS WITH YOUR RESEARCH NEEDS... 


DIFFRACTION EQUIPMENT 


This is the fundamental research tool for film recording X-ray analysis. 
Automatic control provides 50 MA and 60 KVP. Exclusive four-window 
X-ray tube — in choice of target materials — offers multiple sources for 
operating as many as four cameras simultaneously or any combination 
of cameras with one or two goniometers — a time-saving feature for 
advanced techniques or automatic recordings. 


Numerous precision built X-ray diffraction cameras are available for 
a wide range of work. These include two powder cameras, a precision 
back reflection camera, micro camera, flat plate camera and the new 
single crystal cylindrical camera, each of which may be mounted on 
most existing equipment. Additional cameras for special purpose 
applications are available. 


Simply adding a wide range goniometer and the electronic circuit 
panel forms the basis for diffractometric work in which automatic 
recordings can be made using a choice of either scintillation, propor- 
tional or Geiger detectors. 


COMPANY, INC. 


750 Sevth Fulton Avenue, Mount Vernon, N. Y. 


In Canada Rogers Majestic Electronics Lid 


11-19 Bremtecliffe Reed. Leaside, Torente 17. Ontario 
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ORCER YOUR BOOKS THROUGH ene 


AIME—Address Irene K. Sharp, Book ‘ trated the 
Deportment. Ten per cent discount 

given whenever possible. Order Gow of itstandi 
erament publicotions direct trom the The 
agency concerned i] erable 


The Handbook of Microscop in 


Technology ted by Hugo Freund Dictionary of Mechanical 
t $30 to $40 eact ing Terms, | J. G. Horne 


Books for Engineers 


oke, wood 


ete Pro- 
con- 
er 
entist 
ection 
i tance 
ina other 
ratorie 


Engineer- 


evised 


See it work! 
Notional Metal Show 
Ph ladelphia 
Booth 324 


Brinell Hardness Tester 


® Automatically signals relative hardness. 


®@ Speeds up testing cycle with greater 
economy, yet assured accuracy 


3 colored lights immediately tell you: 


TOO HARD — yellow 


WITHIN RANGE— green ll Sel 
TOO SOFT — red 


The right cover Aashes avtomeoticelly during each test 


Here is the mochine thet decides for you which 


proper hordness. Ranges ore adjust 


precet cre o 


able, easily set up by using pieces of known hord 


ness of test bers. Coler-Glence Brinell Hordness 
Tester is another Steel City first. For more then 40 
yeors Stee! City hos desigved ond bwilt Detter 
mochines, with your perticvler application in mind 


ideal for automation 
The electrical circuits which operote the color 
signals con be used to physicolly sort ports ofter 


Stee ty hes que f 


soles representatives 


working orees for 
venience. Write todey 
ome of meores! represento 


hive. and detaiied intermation 
plete 


ne 


Manufacturers of machines for testing physicel properties of metals, including: 


Prowng instruments 
8825 Lynden Ave. 34, Mich. «++ Special Testing Mochines. 
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beer pletel 

revised to include terr which } 
come into use during recent year 
Magnetic Materials in the Electrical 
Industry, by P. R. Bardell. Philo- 

phical Library, Inc., $10.00, 288 pr 
1955—_Th book nite ied f tu- 
ients ph ‘ ele engi- 
neering and for ph ts and eng 
neer r ndustr It ge the gap 
between an academ«k tud the 
propertie f agnetic materia : 
the r ted treat ent f the ect 
pe ble in most textbooks f ngi- 
nee Cone the t K the 
pi it r A gl ir 

j cluded 


Tungsten, by K. C. Li and Chung Y 


Wang. Reinhold P hing ¢ 

b pect of the hist ge g 
e dre meta emiust 

istria pr t107 

titut and ecom KK tungste 
vered letail. Ample literature 

reference helpful guidance 

‘ furthe esearc! 


LaPlace Transforms for Electrical 


Engineers, by B. J. Starkey. P! 
pi il Library. 1 $10.00 279 pr 
1955—A pl i rather than i 
purel athe at 1 vocabula 
att pt t attain the 
plicit The approact 
hout ‘ wnalvtica et} 
KI vn t gineer,r 
I t ed to be al 
t iction to a rather large 1D- 
ect The LaPlace transfor ation 
‘ extremely useful in pro- 
JUICK jtions t great 
f engineering and jf al 
‘ and ofte aves lat ous 
" j thon bv othe ethods 


Electro-Magnetic Machines, by R 


Langlois-Berthelot. P} ophical Li- 
$15.00 pp., 1955—Ir 

t Eng edition, translated and 
é ed i liaboration with H. M 
 larke tne ar is kind f electri- 
ich es are elate act 


are ne family or 

f experience Funda tal 
pie ather thar pr actict ire 
t ed r th work Students 
te i tecr lan 4 t ts 
ind anyone concerned with electrical 
plants will find the book of interest 


The of Zirconium (Na 
t Energy Seri ed- 


Metallurgy 
enr 


ited by B. Lustman and F. Kerze, Jr 


first edition, McGraw-Hill Book C 
] $10.00. 77é pp 1955—Present 
tribu +) mar aspects ‘ 
r ur te © nee 
educt ef g. properti and 
ss@s are covered in deta 


traditional terms used by drafts- 
men, patternmakers, molders, smiths 
boilermaker fitters, turners, erec 
hical Li- 
0, 417 pp 
| 
: 
4 
| 
testing Pending 
—>—. 
| ono | 
GS Hardness | Competsen 
| 
Flex Tester 


This is the cel] room in Erecrromet’s new electrolytic manganese plant at Marietta, Ohio 


Available! 


Trode-Mark 


ELECTROLYTIC MANGANESE 99.9% pure 


For all uses where a high-purity 


manganese is required... 


ELECTROMET’s process for making electrolytic man- 
ganese produces high-purity metal with a minimum 
of 99.9 per cent manganese. This material is well 
suited for all uses where high-purity manganese is 
required, as in the production of low-carbon stainless 
steels, high-temperature alloys, non-ferrous alloys, 


and electrical resistance alloys. 


A nitrided 


manganese, containing about 6 per cent 


Nitrogen-Bearing Electrolytic Manganese 
electrolytic 
nitrogen and per cent manganese, is also avail- 


able for metallurgical uses from ELECTROMET. 


met 8 registered trade-mark of Union 


rporation 


Specifications of ELECTROMET Electrolytic Manganese 


Anolysis: Manganese 99.9% min. (on metallic basis 


93° 


approx. 6° 


Nitrogen-bearing Grade —- approx manganese 


nitrogen 


Dehydrogenated material is available 


Packaging: Usually packed in steel drums holding 500 


lb. of material. Smallez packages available at small 


premium 


For further information about ELectromet electro 
lytic manganese metal, and other TROMET ferro 
alloys and metals, please ntact the nearest 
E.ectromet office listed below 


A Division of Union Carbide and Carbon Corporation 
90 East 42nd Street New York 17. N.Y 


4 


2, 
f i 
i 
i 
i 
i 
i 
i 
i 
i i 
| 
ELECTRO METALLURGICAL COMPANY ce 
The term Electr 
Carhide and Carbon 
Carbide and Carbon Commu 
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50-ton crane 


becomes 85-ton crane 
with no increase in size 


United States Steel's Edgar Thomson Works 
in Braddock. Pennsylvania, needed new and 
heftier crane equipment to handle larger 


ladies. One of the requirements was four new 


rane tr ‘ wi h were to operate on the 
ly f possible, and in exactly the 
‘ metore 

The tro od to tx tronger but no 
‘ rdinar teel wouldn't 
lo N led wa tel fexrcel na trengti 
whict wuld be welded ea Lots of alloy 
te } thy trength require 

t USS r-1 Steel was the 
s ipply not or the required 

trength. but good weldability as well 

r-1" Steel plate—in ind 1” thick 
nese A wed in box girders and lateral 


stiffener plates of the trolleys. This change 
increased the crane capacity from 50 to 85 
tons with no increase in size 

[he structure was welded with AWS 
E.12015 electrodes. It was as easy as welding 
carbon steel. No stress relief was needed. And 
the welds developed the full yield strength 
of the steel: 90,000 psi. minimum 

Remember this story when you must weld 
very high strength parts—parts that must 
operate at temperatures as high as 900°F. or 
1s low as 40°F. below zero, parts that must 
withstand tremendous impact abuse, abra 
sion. or tensile stress. Then consider USS 
*T-1" Steel. We'll gladly send you full par 
ticulars. Just write to United States Steel, 
Room 4975. Pittsburgh 30, Pa 


>» 


UNITED STATES STEEL CORPOWATION PITTSBURGH + COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD. ALA. + UMITED STATES STEEL SUPPLY DIVISION, WAREWOUSE DISTRIBUTORS 
STATES CHPORT COWFARY, SEW YORE 
SHE THE UNITED STATES STEEL HOUR. it's a full-hour TY program presented every 


other week by United Stotes Steel. Consult your local newspaper for time and station 


CONSTRUCTIONAL ALLOY STEEL 


| 


Carnegie, Pa., 


; nte yent for the sale and 
ce oF ar tra-high tempera- 
( => ture furnace the processe of 
Metals Chlorides Corp. of Middle- 
‘ 
port. N. ‘ fur ice operates 
t te er ‘ ‘ f 4000°F 
sous ton- 
Developer 
‘ ‘ erature near 
| ibe 
t ra e, the por stage temper- 
‘ boral met ind metallic 
fie 


JET © A booklet How Zine Controls Cor- 
presents information for man- 


PROPULSION agement, maintenance engineers, 


architects and anyone concerned 
LABORATORY with minimizing corrosion and main- 
tenance costs. The booklet can be 
obtained from: American Zinc Insti- 


tute, 60 EB. 42nd St.. New York 17. 

© A quenching l to give extremely 

t nventional 

Active im all phases j is bee level yped 

| ol propulsion and related vamed oneli 
na inusuall 


materials 


are 380 


‘ on 
«reve ind sp g! 
i299 API, respect vely 
f available techni- 
‘ ence 
t ita on ast 
oo ented in a 72- 
ee ese xx Molyb- 
4 
af t gh temperature 
a 
ve 
here the etal 
> ew e ise the 


‘ 
i 


physics, heat tronser | re 
Inf tion, Climax Molybde- 
0-5th Ave., New York 36 


pr ellant research 


metallurgy, ond high 


| technol A 12,000 ton horizontal extrusion 

ay The Laborotory press was built by the Lombard 
offers o stimulating Corp., Youngstown, Ohio. The Lom- 
blend of ocodemic and bard press, the largest American 


made extrusion press, will contrib- 
ute to removing restrictions pre- 
viously imposed upon designers of 
offered large military aircraft in regard to 
size, weight, and length of extru- 
sions available for plane compo- 


ndustrial env ronments 


Attractive salaries ore 


nents. It was built for the Air Force 

4 brow huve describing as part of its Heavy Press Program. 

Pportunuties ema 
at tbe Te ig H ken 
is pul hed Selected Scien- 
Laboratory wll be sent a - 

t ind Engineering Tables and 

upon request I ta ed ; mmemoration of 
ny 5th anniversary, the 

per bound 1 ame contains 
nemica ind cal, en- 


tics, bacteriological, 


LABORATORY j metric ind textile 
irts i copy can be 

‘ y wr ng company 

a erhe to: H. M. Block, vice presi- 

ent S. Testing ¢ Hoboken, N. J 
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Industrial Notes 


guide to spe- 
cialty steels was issued by The Car- 
penter Steel Co. It briefly sum- 
marizes the company’s specialty 


product line covering tool and die 


steels, stainles steels, silicon and 
high nickel electrical alloys, special 
purpose alloy steels, nd heat resist- 
ng and super alloy steels. Corollary 
information is also given on the qual 
ity ontrol necessary in the manu- 
facture of specialty steels. A copy car 
be obtained from Carpenter Steel 


Co., 364 W. Bern St., Reading, Pa 


© Development of a new metallurgi- 
cal microscope wa announced by 
Bausch & Lomb Opt cal Co Ro- 
chester, N Y. New features nclude 


an oversized focusing stage with im- 


terchangeable stage plate bhich 
adapt t quickly for work with either 
transparent or opaque specimens, a 


fine adjustment focusing knob lo- 


cated at table level to permit oper- 


ators to work with their arms in a 
relaxed position, and an accessory 
lens for concentrating externa l- 


lumination into the microscope for 


photomicrographic use 


* Union Carbide Nuclear Co. a 
division of Union Carbide & Carbon 
Corp., has been formed to integrate 
the corporation's diverse activities 
in the atomic energy field. Kenneth 
Rush has been appointed president 
of the new company. An important 
objective will be to carry on the 
large-scale research and develop- 
ment activities leading to increas- 
ingly important participation by the 
corporation in the industrial appli- 
cations of atomic energy. 


@ A new graphite brick that has 
shown a 25 pct 


g in cupola 
wells is the product of Mexico Re- 
fractories Co Mexico, M« Giving 
up to 31 days service in a cupola 
well carrying 350 to 450 tons per 
day in tests so far, the Helspot brick 


Savin 


ha shown a substantial saving in 
pouring cost for « ipola wel Hel- 
spot brick are characterized by low 


porosity, negligible shrinkage, and 
good uniform structure 


® Reynolds Metals Co. has issued 
the 1955 edition of Aluminum 
Bridge Railings Manual. The 52-p 


m. manual contains 1] 
trations and 23 tables. Subjects 
treated in the manual are: all-alumi- 


num lighting indards 


typ cal 

endings 

iportant 

d mill 

ll 

lentifica- 

ent ue 

rut charge spon request ¢t Desk 


PR, Reynolds Metals Co 2500 S 
Third St., Louisville 1, Ky 


— 
| 
| 


The type KS diffusion-ejectow 
pump undergoing helium-leak check on a 
CVC ome-thousend pound high-rocuum 


16 000 


| = meliimg and asiimg furnace 

| 

| PRESSURE (mm Hg) 


Type KS-16 0000's performance curve 


with this new CVC high-vacuum pump 


Removing OOO 000 macron-liter ua < accepted and prot table production process 
fur hamber that he task of CVC’s new dif- 
Other features of the type K5S-16,000: 


tor purmp. tvpe KS-16.000 
t 1. Speed for air is 18,000 liters a second at 4 microns 


fusion-cjee pump 
O00) ror er a nd. or 12 pounds of air 
t Hg (see chart). Speed for hydrogen is 42,000 liters 
per? r, mMcans that this pum an exhaust a 
a second at 6 microns Hg 
pound meciung 450 4‘ 
2. Ultimate pressure is 4 x 10-*mm He. 
s ou and swilt and maintain the des per- 
1 3. Limiting forepressure is 10mm He 
stine essure throughout outgassing pe . Limiting 
WOO DOU macron-liter rcond als C s that CVC 4. Clearance between icts and pump Casing  ¢xtra 
is able to supply efficient pumping for the tremendous wide and unobstructed. Dust particles found im var 
gas i ads of the tive-thousand ind wand us met uf not ¢t action 
wound high-vacuum furnaces metallurgists plan for For further information about th type KS-16,000 


the use of high vacuum in metallurgy, writ 


or about 


the near future f hi 

This high-speed, high-vacuum pum] latest in Consolidated Vacuum Corporation, Rochester 3, N.Y 
a series of advances made in the CVC laboratories a subsidiary of Consolidated Engineering Corporation, 
advances helping to make vacuum metallurgy an Pasadena, California) 


VA Consolidated Vacuum Corporation 


ROCHESTER 3, N.Y. 


Heodquorters | 
through Conse 4 Engineering Corperetion with offices leceted in Albuquerque + Atlanta 


for High Vecuum CVC sales now 
Boston « Dallas Detrot « New Palo Alto Pasadena « Philadeiptia Geattio « Wastungton, C 
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A* eight lar half mile long roadwa aspended 

4 OF Ke a qu te 

f But ti r mple word e! 

‘ » in Michigan a new bridge of thi 

lt with a main spar f 3800 ft 

‘ est the Five i total 
; f Mackinac Bridge will be used 

ta b k of water between Lakes Michi- 

h separates r thern and south- 

ould have been the slogan of John 

\. Roe the great et of the uspcnsion 
0 Roebling irneyed to 

tthe W Bridge ve 
The till ar mport ant 
- Plas ire now nderway for me- 

hor tive ngenuit of the master 
i The ‘ f Ohio and West 
head at from the respective 
ple augmented by the latest 
‘ ‘ fa cent wil be ap- 
f { k ic Bridge NW under 
ee A ‘ aT “Ste & 
that t the weight 

Na 4 

r ige wire 

} be teel wil 


The main span of the Wheeling Suspension Bridge is 1010 
ft long, the longest in the world when completed a century 
ago. The bridge is 28 ft wide from suspender to suspender 
ond it is on overage of 9)‘ f above low woter level 
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main cables. These 
and will be made up 
total weight of 9 lb 


the ropes 


nect the roadway truss to the 
ypes will be 2%% in. in dian 


of six strands of 19 wires with a 
f fabrication 


per ft. During the process of 
are held at a tension of over 115 tons. This operation 

called prestressing and removes the stretch from 
the rope and allows a means for accurate measure- 


ment of lengths 
The metallurgist can take special pride in crossing 
ich a bridge. Under his direction the blast furnace 
and open hearth have refined the metal and the steel 
fabricated the components. In the labora- 
their skill and research give 


nas 

metallurgists by 
the bridge designer the specifications and materials 
reate these spectacular and beautiful engineering 


triumphants 


.’S a new trend in American philanthropy 
re and more large corporations are 
new funds to help colleges and univer- 


HERE 
blish 


stablishing 
itie Estimates based on U. S. Treasury figures are 
that corporate gifts to higher education have in- 
creased from $50 million in 1950 to almost twice that 
amount today. A large part of this increase, of 
course, reflects the general increase in all corporate 


Financial Aid to Educa- 


fts. But the Council for 


Machine applies a tension of 235,000 Ib to suspender cable 
until it is compocted and structural elasticity is removed 
insert is o closeup of a rope under tension in the prestress- 
ing beds ot American Stee! & Wire Div. plont 


7 
to endi« tra ind laid parailie! 
nsist of 2,000 individual : 
After these mile and a half long 24-in yg a oe 
ted and near their dead load ten- —— 
mpacted wires will be coated with 
‘ f f them, hung at 39-ft in 
t ighout the length of the bridge will cor 


tion. Inc.. of New York, believes that higher educa- 
tion’s share of the philanthropic dollar probably has 
been boosted from 20 pct in 1950 to 25 pct today 

Within the past year, several of America’s largest 
firms have instituted great new programs of financial 
aid to colleges and universities. A steel firm will 
give $1 million this year; another $1 million will be 
donated by an electrical firm, while an auto firm 
has added $2 million to a program already totalling 
$2.5 million and intended to increase by $2.5 million 
more, in the next four years. Many more millions 
will be given by other firms this year and in the im- 
mediate future. Significantly, small liberal arts col- 
leges, as well as technical institutions, are sharing 
generously in these corporate gifts 

Business men generally earnestly support this 
trend of increased corporate giving to higher educa- 
tion for a very practical reason—actual studies show 
that business is best where educational standards are 
highest. Business and education have a reciprocal 
stewardship; business to support a dynamic system 
of higher education; education to teach the function 
of the American economic system, and the need for 
safeguarding and perfecting it. 


N Friday, August 26, the General Electric Co 
dedicated its new $5 million metals and ce- 
ramics building. As part of the expansion program 
of the research laboratory at the Knolls, the building 
is further recognition by GE that growth of the 
company can only be insured by continued invest- 
ment in scientific research and development. Much 
of the space in the new building is devoted to small 
factory equipment to test new materials and proc- 
esses on a scale approaching industrial conditions 
C. G. Suits, vice president and director of research 
for GE, presided at the dedication ceremonies. Philip 
D. Reed, chairman of the board, Charles E. Wilson, 
former president of GE and an employee for 51 
years, and J. H. Hollomon, manager of the metal- 
lurgy and ceramics research dept., participated in 


Continuous melt alu- 
minum furnece wos 
developed jointly by 
Monerch Aluminum 
Mfg. Co. and Selas 
Corp. of America 
Furnace produces 
2400 Ib per hr of 
liquid aluminum trom 
ingot for direct pour- 
ing into permanent 
molds 


“Trends 


the ceremonies. Donald A. Quarles, Secretary of the 
Air Force, gave the dedication address 

GE is one of the nation’s largest consumers of 
metals, and the new metals and ceramics building 
will be the centralized facility to encourage under- 
standing of present materials and processes and to 
create new ones. According to GE personnel statis- 
tics, metallurgists (including metallurgical engineers 
and those with degrees in the science of metallurgy) 
constitute roughly 2 pct of the engineers employed 
by General Electric. At the research laboratory, the 
employment is 15 pct, representing about 50 metal- 
lurgists out of a technical staff of over 300 

Emphasizing the importance of the staff that 
research at GE and, elsewhere as 


carries out the 


well, the dedication 
four days of conferences. The first was a two and 


ceremonies were preceded by 
one half day conference among three dozen sele« ted 
professors of metallurgy from all over the country 
and an equal number of industrialists plus GE staff 
members. The general theme of this conference was 
industry’s needs for metals and metallurgists 

An Education and Manpower Symposium pointed 
up the fact that in 1950 the U. S. census reported 
520,000 professional engineers of which 5 pct were 
working in metallurgy or mining. In spite of an 
increasing demand for metallurgists, the postwar 
peak of engineering graduates of approximately 
50,000 has now dropped to about 20,000; and the 
proportion of metallurgical engineers is also de- 
creasing with a figure of 2.35 for 1954. The shortage 
of metallurgists with postgraduate degrees has lead 
GE to increase its four fellowships in this field to 
eight this fall 

On Wednesday afternoon and Thursday, univer- 
sity professors joined approximately 300 metallur- 
gical engineers and scientists from industry for a 
Seminar on Melting and Solidification. Emphasized 
throughout this review of progress to date in the 
understanding of melting and solidification was the 
similarity between metals and cerami The semi- 
nar drew together a large proportion of leading 
metallurgists, including Sir Charles Goodeve of the 


British Iron & Steel Research Assn 
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tw more hours of travel to New 


vhere approximately 40 pct of U. S 


Intricate machinery 


Drift 


a train to leave from the Central of 
with 


Originally 


New Jersey station. Time was now 8:00 pm 
York 
in New York had been 9:00 
just about 13 hr late!” 


Bob arrived late but safe 


arrival time 


We st pped in Easton 


n our way back. With the entire region under mar- 
hal law, armed troops complete with fixed bayonets 
t led the streets. The main span of the ld city 
er n bridge had snapped under the strain of 

r f debris t looked bombed out. The area along 
he immediate shore was a shambles of furniture, 


meé and cars. Cleaning up appeared to be a 


This shot was token from the front of the bus as it plowed 
through 3 ft of water near Jim Thorpe, Pa. The Lehigh River 
which makes o right angle turn here is at the left 


After this brush with Diane, we can appreciate 
t iences of AIME members in 
Perhaps the hardest hit sec- 
Naugatuck Valley in Connecticut 
copper and 


area 


iction is centered 


A check with the Copper & Brass Research Assn 


ve i that an almost unbelievably rapid recov- 
being made among flood damaged companies 
biggest problem confronting the copper and 


mills is the cleaning and repairing of electrical 
tallations. Tens of thousands of electric motors 
be cleaned, baked out, and checked 


and equipment, such as casting 


naces olling mills, extrusion presses, draw 
nches, annealing furnaces, and countless fabricat- 
g machines must be completely disassembled, 
aned, repaired, checked, and reassembled. The 
‘ : lt penetrated everywhere and every piece 


machinery must be inspected piece by piece 


When pictures of this destruction began to arrive 


sense a personal 
We only hope that when we meet our friends 


they will be able to 


at both homes and businesses are once more oper- 


Ed Weiss 


DRIFT would be a more appropriate title for were made fi 
4 
r. 
ar 
staggering task 
= 
bi 
| T 
here ad 
from t 
be ating normally 
108 2 


Leitz DILATOMETER 


for accurate metal analysis 


Reseorchers consider dilatometric onolysis the most sen- 
sitive and reliable method for precise determination of 
the exponsion coefficient of metals, alloys, etc. The 
DILATOMETER records volume changes in relation to its 
own temperature (absolute curve), yielding date from 
which the expansion coefficient may be determined 


Leitz METALLUX microscope 
for easier, quicker metallography 


Metallography is easier with the METALLUX—unob 
structed upright stoge, inclined eyepieces, unique quin- 
tuple nosepiece, built-in light and low-position controls 
for reloxed operation. Accessory equipment ovailable 
for phose controst, moterial testing ond photography 


Leitz K PRA microscope 
for precise coal petrography 


Engineered specifically for conl-petrographic investigo 
tion, including examinotion oy polarized or ordinary 
light quantitative onolysis ond microscopic meosure 
ment. Fuscin onolysis readily occomplished by coo! 
slide-ccomparison eyepiece with revolving disc 

oeree 


LEITZ, INC., Dept. um-10 
4686 Fourth Ave., New York 16, N.Y. 


Please send me additional information on the 

DILATOMETER METALLUX KPM 
Nome 

Street 
City Zone State 


inc., 4686 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany iri 
LENSES - CAMERAS MICROBCOPES + BINOCULARS 


OCTOBER 1955, JOURNAL OF METALS—1083 


for accurate analytic results cit 
use precision equipment 
) 
— 
4) 
A 


Ductile Cast Iron meets a variety of demands. These 3/10, hardness 200/270 BHN. Strong as-cast, tough 
5 s utilize the 80-60-03 type, with the follow and easily machinable. Also responds readily to flame 

R al range of properties: Tensile strength or induction hardening. A carbidic, abrasion-resisting 
psi, yield strength 60/75,000 psi, elongation surface may be obtained by casting it against a chill. 


Costs cut 70%...time cut 50% 
by switch to Ductile Cast Iron 


Oraco LIMITED, makers of farm machinery at it can be cast easily, like cast iron . .. yet it provides 

Orillia, Ontario, formerly used crankshafts of strength and toughness comparable to that of cast 

forged mild alloy steel for 2-cylinder gasoline steel, and offers superior wear-resistance. 

oa Perhaps you, too, can save money with this new 
By switching to crankshafts cast in Ductile Iron, engineering material. It’s several times stronger 

this manufacturer cut down some 11 machining and than gray cast iron and up to 12 times tougher. Get 


the facts about this greatest foundry advance in 
over a century. Send for the new INCO booklet, 
“DUCTILE IRON, The Cast Iron THAT CAN BE BENT.” 
Write for it now. 


heat-treating operations to a total of only 5 machine 
operations 


As a result, completed crankshafts went into 


assemblies at roughly 30 of the origina! dollars 
and cents cost. And production time raw ma- 
terial to assembly point decreased almost 50 


ductile iron... the cast iron 
that can be twisted and bent 


Savings, along with greatly improved perform- 
ance, are provided by Ductile Cast lron. Because 


Inco. THE INTERNATIONAL NICKEL COMPANY, INC. 22.4.4.0%% 
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AEC plans to procure additional quantities of Nigh purity z22fCods bas) 
ann hatniiim meta ee e increasi » reoqulire or 
and hafnium metal to i | 
reactor development program. entative pla sall for an 
>] million lt f zirconiu eta a ve yeal 
iverv il] rec J ai over I 
7 4 i 1lli lt Av +h ree year period 
period or 1.2 million lb over a three y period, is pre 
| + + > wore red 3] 
GE's Carboloy Dept,, Detroit, will carry out the commerciar enh 
love l ar + nrocre ror mar ita TUriNna qi amona ina 
GE unit was aiven the assianment or he basis ot its ai- Wig. 
workina experience assocliatea With Cemenveu 
of 
Ajax Engineering Corp., ire on, Oo JUNKe!I O., 
er Ltda engianc, ire pooli t eir nnicad VU 
and experience ir jevelopina and IrKetING n 
. 
T? tantitic erarnie tee] 
ror Caiindati velor ed tec nique Knowr as 
Mmamour Research Froundcatio 1eV oped a tech 
2 77 + +} ~+ , na? nar 
Biber ira tna pi } ‘ ne I 
in prod t navina a rance or porositic combined waiti 
relatively high strength and toughness. ae 
rolling mills for A! Ara » National Laboratory, L : : 
Ill. scheduled to begin operation in iid 
ent OT reactol PC ca 
vom 
Beryllium Corr Readina. Pa., completed an expansion proora na Se 
increased alloy capacity by oct. According tol. 
noianc, vice presice } ror peryiid Opt I 
4 en sr r 2} ify j id 
00.700 tane of virain aluminum in the first 
Ne > \ 3 y proaucedc 9 Vs Vise 4 4 
+ +h 4 Inc A +anc nn 
eight months of is year as agai 
yme period la year. Foreca for production in J j Bat 
} 
t 
13 Fons. 
Reynolds Metal o, ha snnounced the use of a film of aluminu a 
oxide 2 in. thick to replace conventional insulating nee 
materials in electrical equipment. It has enabiec a 
development of a new method of winding coil j pluminu 
+ ; ar «<cneet insuiateca W OX 
ig 
ag 
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UNGSTEN 
Ferro-Tungsten 
Tungstic Oxide 
Tungstic Acid 
Ammonium Para-Tungstate 


Sodium Tungstate 


Tungsten Metal Powder 


Now that Tungsten high-speed steel can be supplied 
as needed, manufacturers have returned to it tor the 


Grant Building 
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well-defined uses in which it surpasses all other 
materials. Processed in the U. S. A.. MCA Tungsten 
offers a consistently uniform product assuring 
excellent results. 

As recognized authorities in the application of 
Molybdenum, Tungsten, Boron, Rare Earths, and 
the alloys and chemical elements of these materials, 
MCA assures confidential and immediate response 
to inquiries. 


An informative book, entitled “Tungsten 
Steels’, has been prepared by the Molybdenum 
Corporation. It deals with both scientific and 
practical considerations, and recommends pro- 
cedures found to yield best results. A copy will 
be mailed on request. 


CORPORATION OF AMERICA 


Putebergh Detro#, Angeles, New Tort. Son francisco 
Sete: Edge: \ fina Detrow, Brumiey Co. Los Angeles Son Francisco 
Svbediery Clevetend Tungsten, Clevetend 


Pittsburgh 19, Pa. 


Plants, Washington, Po. York, Po 


— 
{ 


WITH 


ISLEY 


COMBUSTION 
CONTROLS 


Morgan-lsley Ejector installation at 
Mississippi Glass Co., St. Louis, Mo 
world's largest manufacturer of rolled 
glass. Inset shows one of Mississippi 
Glass products in use as office partitions 


In commenting on the Morgan-lsley in- 

stallation at his company’s St. Louis plant, 
Mr. Ellis Humphreys, Vice President of 
Mississippi Glass Co. said,”’ An ejector stack 
is far less temperamental than a natural 
draft stack, and, of course, is much less costly 
to build. 
“One of the great advantages of the Mor- 
gan-lsley system comes from the secondary 
checkers. These give the incoming air 
a fine prewarming before it goes into the regular checkers. This 
not only results in better furnace operation, but seems to keep 
the regular checkers in much better condition. Incidentally, the 
secondary checkers seem to last indefinitely, and don’t need to 
be cleaned during repairs. This system is good and greatly im- 
proves furnace operation.” 


MORGAN CONSTRUCTION COMPANY © Worcester, Massachusetts 
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Fig. |—Basic instal 
ation consisted of 
the top five courses 
checkers of op 
proammotely 50 pct of 
the oreo of both 


ends 
R . 
asic Checkers Proved Economical 
O 
n Replacement Comparison With Clay 
by C. C. Benton 

k ARLY in 1953 Algoma Steel Cory ealized the Checker replacement on all furnaces had been 
od f increasing firing ites f higher excessive, running normally 15 pct at approximately 

ty pe perating hou N 2 shop has 00 heats and 40 pct at 600 heats 

' h area of 507 sq ft with fan cat to Use of Basic Checkers 
ix im of 400 American gallons Jecause it wast a physical impossibility to in- 
24 furnace ha > 4 het rease regenerator chamber area on Nos. 21, 22, and 
od with Isle 2 1 careful check was made of refractories for re- 
, : f : ) American gallons generative use that could be adapted for increased 
yuiv How , vas being preheat capacity. A chrome-magnesia type of basic 
4 Ame , allons maximun t k was chosen. To establish economies it was de- 
} . 21. 22 and 23 cided to make the first installation in the No. 24 
‘ ‘ fire a sximun Ameri Isley equipped furnace firing 525 American gallons 

' e to 52 per hr N 24 fur Fig. 1 shows the first installation of basic checkers 
I nit mn March 1954. This furnace has single chamber re- 
generators. The basic installation consisted of the 
C. C. BENTON is Superintendent, Open Hearths and Bessemer top five courses of checkers of approximately 50 pct 
Algome Steel Corp. Sault Ste. Marie, Ontario, Canada. This paper f the area of both ends. Burned chrome-magnesite 
was presented at the AIME Notional Open Hearth Committee mee 9x4‘2x2% in. was used and set up in a closed flue 


ing, Philadelphio, Apr. 18 to 20, 1955 * 


sign having 734x7% in. flues. The remainder of 
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Table |. 


Comparison of Campaigns on No. 24 Furnace, Using 
Voriows Types of Checkers 


Checkers Used 


Pet Pet 
All Ra sic Basic 
Capped Capped 


the chamber was 9x4%x2' in. first quality stiff 
mud fire clay brick for the complete height. This 
material was also used under the basic courses 

As the campaign progressed it was apparent that 
furnace performance had improved. After two roofs 
the furnace, having tapped 293 heats, came down for 
a general rebuild including slag removal. At this 
time no replacement of basic checkers was required 
while 15 pct replacement was necessary on the clay 
side. There was some evidence of thermal shock in 
the top course of the basic section. Build up was Operating Results Obtained 


Fig. 3—The basic section is shown with the top course re 
moved. Checkers were capped with ao Hi Magnesia basic 
brick for further testing 


very slight and readily removable with practically A decided improvement in operation was realized 
no dust accumulation below the top course. On the on No. 21 furnace. But because firing rates had also 


fire clay side dust accumulation was heavy and im- been increased. only operating data on No. 24 
possible to remove on top five course furnace will be given. At 166 heats No. 21 furnace 
After this observation it was decided to proceed came down for a roof and front wall, and for inspec- 
with the experiment on one of the other 150 tor tion purposes the checkers were opened It was 
furnaces. Two basic brick manufacturers to recom- found that the high magnesia type brick showed 


mend brick for this purpost and tw type of brick considerable cracking and disints 


were recommended by each. Because the furnace course, while the chrome-magnesia type were in 


gration on the top 


chosen, No. 21, has double regenerators (air and perfect condition 
gas) an installation of basic brick was made in the Because of the failure of the slag pocket walls it 
top five courses of both the larger or air chambers was necessary to take No. 24 furnace off at 245 
using all first quality stiff mud clay brick in the heats. At this time there was a total of 538 heats on 
small chambers using same setting as on No. 24 the checker 
One of the air chambers was given to one manufac- Fig. 2 gives a picture of the clay brick and the 
turer, and the other to the second manufacturer amount of removal required. It gives also a com- 
One half of one chamber was a high magnesia parison of the condition of clay versus the basic 
chrome brick and the other three sections were of In Fig the basic section after cleaning is shown 
three types of burned chrome-magnesia brick of with the top course removed. It would not have 
been necessary to remove all of the top course, but 
because economk had already been realized, com- 
paring brick for brick with clay, it was decided to 
cap the balance of the checkers with a sixth type of 


= metal was realized on the Da capped checker 
— Conclusions 
a4. Operating conditions as cticed at Ala Steel 
t » ise of basic capped check 
J adherence 


700 heat 


‘ 


good 


and 


Fig. 2—A comparison of the condition of the clay and E—Basic checkers are economical on a straight 
besic brick is shown after 538 heots replacement comparison with clay 
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liquid and gaseous wastes. metallurgy and the ma- original soil. or both. depending on the kind of con- 


Fuel input, U.S. gal per hr 525 25 52 
Heats 594 538 129 TESS 
Avg time harge to tap. mir 604 i pat 
Tons per br, charge to ta; 5.0 74 18 ‘ 
«gf 
Z 
~ 
Table I compares the me firing te betw 
campalgr ym clay checks with two on the basi 
brick. and the continued performance of No. 24 fur- 
5 oe. nace with ba upped checkers up to March 14 se 
te 
4 > 
pom 
i ay checkers under ba are in MEI con- poy" 
if 


View of tank form ot Ook Ridge shows surface plumbing system associated with underground tanks holding radioactive liquid wastes 


Waste Disposal Is Vital 


To Atomic Power Development 


by John M. Warde and Raymond M. Richardson 


W t t? tor Waste ne tne this method are basically geologi Reliable in- 


prevailing geologic and hydrologic 
te te these ned at tures of the } ‘ rea 1 fundamental u 
fe ictive te ning the effect of ich releases in a given local- 
rhe } ate t n- t nd in evalu ng the potent il hazards to wate 
: i i ve because OI tire if Low level liquid wastes are sometimes dis- 
’ charged directly to the ground from operating dis- 
" active materials varie I i chemes. Radioactive contamination of the 
is t ‘ t! ea and ibsurface is also possible from accidental surface 
ed « ar known pills, seepage from liquid waste holding facilities 
he At Ene ( failure of underground liquid wa rage tanks, 
: h th ade- and from the underground leaching of buried solid 
t " ate deve ent of vaste Fall-outs from atomic weapon tests may find 
veve | Die nm the tr Va nt the ground as a re lit pe atior 
‘ r " Ir addition to the » of controlled release of 
2. tive waste ir yuid adioactive wastes, there the probien of pr tect- 
elease it t } nd. Ther bler the env ns of atomic energy sites in event of 
accidental discharge of rad tive materials 
J. M. WARDE is Head, Ceramic Laboratory, Metallurgy Div, Ook Radioactive wastes arise from several sources, in- 
Ridge Netiona!l Leboratory, Ook Ridge, Tenn & M RICHARDSON jing chemical separation processes in reactor 
s Geologist, USGS, Memphis, Tenn. This article is abstracted from > 


‘ perations, reactor coolants, laboratory researct 
MINING ENGINEERING, May 1955. Vol. 7, op. 458 to 46! 


or 


radioactive materials, concentration processes for 
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liquid and gaseous wastes, metallurgy and the ma- 
chining of fissionable materials, and uranium ore 
processing 

Current methods for handling radioactive wastes 
are summarized in Table I. The principal problem in 
the safe handling and disposal of such wastes occurs 
in the chemical processing phase of nuclear reactor 
operations where unused uranium and plutonium are 
separated from fission products. Fluids used may be 
highly radioactive. Sufficient heat may be generated 
in the liquids by radioactive decay processes to cause 
boiling or evaporation. Characteristics of liquid proc- 
dependent upon the reactor system 
Generally, they are uniform for 


In the case of a reactor 


wastes are 


that produces them 


ess 


a given system where fission- 


original soil, or both, depending on the kind of con- 
tamination. Brookhaven accomplishes this by pack- 
ing wastes with concrete in sealed drums and dump- 
ing them at sea 

Gaseous and airborne wastes are 
to safe levels upon release to the atmosphere 
ful meteorological taken of prevailing 
conditions before releases are made. At Oak Ridge 
taken of the air within a 
activity to be about 


normally diluted 
Care- 
checks are 
periodic readings mile 
radius of exhaust 

twice the ray background—a 
condition and one representative of normal readings 
at other sites 


stacks show 


safe 


cosmic 


average 


Geologic and Hydrologic Considerations 


able material is in the form of a soluble salt dis- The ideal ground area for radioactive |! quid waste 
solved in water, waste would be comparatively free release is one where the geologic conditions prevent 


f solids and precipitants. On the other hand, process 


wastes from the acid dissolution of solid, alum 
canned uranium fuel will 
quantities of dissolved aluminum nitrate and nitric 


elements contain large 


migration of the materials or slow migration enough 
to allow radioactivity Eact 
site presents a distinct problem dependent on geo 


and hy irologic Before 


to decay to a safe level 


characteristics suitabil 


acid tv of a site can be determined one must know the 
Dissolved solids in reactor cooling water become factors controlling the rate and direction of liqu 
radioactive and the liquid must be kept in storage to flow into the subsurface. Practically all rocks are 
allow decay to safe levels before discharge. Liquid collections of discrete partic les more or les per 
, laboratory are unpredictable an solid masses. Thu ‘ 


wastes produced in a 
both in compo 
waste liquids are 


in tanks. If low, they are discharged 
] 


sition and activity level. Laboratory 


monitored and if activity is high 
stored 
flow into the 


process-waste system and eventua ly 


fectly cemented, rather th 
follows that nearly all rocks are 
Permeability of natur 
determination how 


pervious to fluids t« 
al earth n iterial 
varies greatly. Laboratory 


gravel permeability may be 450,000 time that of a 


ground or surface watercourses. Liquid wastes with clavey silt. Much wider contrasts exist ‘luid con 
dangerous levels of activity are placed in semiper- tained in porou ils and rocks is not static, but 
manent storage in slow. definite motion called laminar flow. Move 
Water used for cooling the reactors at the Han- ment of fluid through a porous medium is caused by 
ford Atomic Products Operation, Richland, Wash.., the difference of pressure head from point to point 
discharged into the Columbia River after a period of in the case of ground water nearly always caused by 
storage Low activity wastes are permitted to seep gravit' Rate of movement depends chiefly upon the 
into the ground through cribs The cribs consist of permeability of the rock, the hydraulic gradient, and 
revetted pits Radioactive elements adhere to soil temperature of the fluid High temperature fluid 
particles as the waste infiltrates into the terrai At usually flow at a rate greater than that of cooler 
Oak Ridge National Laboratory highly radioactive fluids. Under normal conditions ground water flows 
wastes are concentrated and stored in underground at rates varving from a few feet per day to a few 


tanks. Low level wastes are first discharged into a feet per year, although flows of several hundred feet 
settling basin, pass into White Oak Creek, to Whité per day may occur in cavernous limestones 
Oak Lake. and finally into the Clinch River. Oak In unconfined or water table aquifet fluids re 
Ridge is exper with storing moderately leased above the water table infiltrate the soil and 
radioactive wastes in large unlined waste pits or rocks below the surface, move down through the ur 
lagoons. This method, like that practiced at Hanford saturated region and enter the saturation zone. In 
nds on the ability of soil to remove activity as the unsaturated re mn movement generally down 
the liquid seeps through the zone of we athered rock ward. Some fluid may return to the irface by 
and finds its way along bedrock to the White Oak evaporation or transpiration. Slope or configuration 
Lake drainage system of the water table ually conforms to the land r- 
Oak Ridge handles its solid wastes by placing face. Fluid movement tends towards neighboring 
them in a trench and then covering with concrete, streams and lakes. While fluids introduced irto ur 
Table |—Handling of Radioactive Wastes in Atomic Energy Operations 
Type General Natere Usual Treatment 
che “ te nta « f eve te ele t art 
Liquid radioisotopes; reactor ng water to the « 
wat >| wate wh is actually ote “at " t« 
potentially I . € te t t thor 
pitat t ex we 
se pe ge iz erg t 
Gaseous 
or Radioactive rare gases ally reactive gases Filtration t i elect tat preci 
Airberne snd radioactive solid particles tators Where ecess fAltrat bbing 
Filtered gase cleased t ‘ ander 
Conta ated othing. process equipment. bulld- Exce ne sed eratior f bustible 
Solid g materials, laboratory apparatus and glass- waste sik of solids are ft srial im the ground 
ware, t 4 specimens, air filters and solidi- rt ir rporation ir ner “ 
fied liquid wastes 
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aquifers may return to the surface near 
where they were introduced, in regions where rock 

he unsaturated zone are comy 
ibsurface frozen, fluid 


may consist of more permeable mate- 


percolation 


} 
, i downward movement is more rapid. Im- 
‘ i trata above the main water table could 
ipy t perched saturated zone 
G wate confined under hydrostatic pres- 
‘ here artesian conditions exist. Water bearing 
ered by less pervious rock penetrated 
h difficulty by downward percolating fluid 
Rect t ich acquifers occurs chiefly in or ne 
the i it : from which the flu move to 
point Yirection and character of flow in 
‘ elatively independent of de- 
although ordinarily move- 
lower topographic levels 
j tne a iifer 
ent to be nsidered in the underground 
tive wastes is the disruptive 
r irau gradient caused ¢ 
, f wate f well When a well 
‘ ‘ ‘ ‘ are iown the vicinit 
‘ ' f ed. Movement fron 
juced t} } 
tinue he ne ex 
‘ iced fron easu 
irawa ( prop- 
area 
e tne ze Nape and 
twee! 1 waste a 
lem thy 
is witl 
Vaste thar ne natura 
lilut n safe 
‘ int fact yhere 
Know ige of the c 
‘ 
t waste 
ed 1 the 
‘ 3 — pertic of 
re fi are eieased 
e the tu t a water bod 
the ty and tl edi- 
ise t n the bottor 
Chemical Interactions 
t f hemica nteraction betwee 
ate the it al fluids 
ck an be yused by 
‘ e of suspe ed 1 Sw ng, aggre- 
wt! ecipitalr 
tact wit | ana su 
pl 1 wast tra k ma 
te eT nm char suc h cks 
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Liquid wastes arising from processing aluminum 
canned uranium slugs, assuming it contains alumi- 
num nitrate and nitric acid, coming in contact with 
ocks would form a gel which could seal 
surrounding rock. Nitrate in high concentrations 
constitutes a potential health danger. Many public 
1 authorities hold the opinion that drinking 
water containing more than 10 to 20 parts per mil- 
nitrogen may be responsible for 
Infants with this disease are 


+ 


lion of nitrate 
methemoglobinemia 
called blue babi« 
Decaying radioactive liquids may generate con- 
siderable heat. Heat removal rate by surrounding 
rock is dependent on the thermal conductivity of the 


rock and its contained water 


Site Investigations 

In seeking a site for radioactive liquid disposal all 
should be integrated—geo- 
logic, lithologic, stratigraphic, and structural fea- 
tures, private, state, and federal topographic, geo- 
in particu- 
iformation on ground water occurrence 

should be carried out to determine 
nd water conditions and define the lithologic and 
structural features of the subsurface. Exploratory 
should reveal perched water, confining beds, 
faults, fissures, and other 


f nformatior 


sources 


c, and hydrologic maps and reports 


ind other Now Darriers, 

penings permitting the flow of liquid contaminants 
Electric logging a useful adjunct to drill cores or 
itting The program would provide samples for 
pet raphic examinations, isotope-retention studies, 
adioactivity determinations, chemical interaction 
test ind measurements of hydrologic properties 
Holes can serve as observation wells for water-level 
measurements and monitoring of radioactivity by 
, ng. Under the heading of hydrologic in- 


estigations come permeability tests, water-surface 


rate and direc- 


ng, and determination of the 

tion of ground water movement. Liquid wastes re- 
eased t irface water should be hydrologically 
tudied f the rate of dilution under various condi- 
tio! Velocity measurements in the case of flowing 
trea 1 samy; g to determine dispersal pattern 
f the activity in the water body are necessary in 
the latte 


Research and Development 
Geologic aspects of the disposal of radioactive 
stes are part of the program supported by the AEC 


De i ge c and hydrologic studies are under- 
way il eration with the U. S. Geological Survey 
it all installations where radioactive material hand- 
ns ; a problem. More work is needed. Many 
branche f science are already involved in research 
the mechanist f retention of radioactivity by 
tain r era nd development of methods for 
permanent fixatior f radioactivity in the ground 
Reports from Brookhaven on the fixation of radio- 
active material : ay by sorption processes and 
subsequent heat treatment to make the action irre- 
versible have been encouraging. Also under consid- 
eratior the p< ble disposa! of radioactive wastes 


n abandoned mines, deep wells, and salt domes 
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ILLING operations at Climax started in 1918 
with a 200-ton flotation plant. At that time the 
crusher was located at the mine and ore was de- 
The plant closed 


untli 


livered to the mill on a tramway 
down in March 1919 and remained closed 
1924, by which time a modest demand for molybde- 
num had been developed. From 1924 to 1932 the 
mill capacity was increased to 1200 tons per day, and 
mill sections added in 1932 increased capacity to 
4000 tons per day. In 1936 and 1937 six additional 
mill sections were built, bringing the designed ton- 
nage to 10,000 tons per day. One more section was 


The Climax Expansion 


The story of the Climax Molybdenum Co. expansion as 
presented here is a condensed version of the complete story 
featured in the August 1955 issue of MINING ENGINEER 
ING. Emphasis has been placed on the articles thot would 
be of special interest to the readers of JOURNAL OF 
METALS 


The authors of the original articles were: “Crushing and 
Concentrating” by F. Windolph and M. W. Dessau, Assist 
ant Mill Superintendent ond Mill Superintendent; “Climax 
Exponds Ore Treatment Research” by RE. Cuthbertson 
and F. J. Hoff, Research Engineer and Research Metal 
lurgist; “Planning ond New Construction” by M. Gelwix 
and J. W. Goth, Planning Engineer ond Metallurgist; 
“Widespread Use of Synchronous Motors Gives High Power 
Factor” by U. F. Touwcher, Chief Electrical Engineer 
Traiming Program” by H. R. Moody, Training Manager; 
ond “Climax Uranium Co.” by M. L. Kay, Vice President 
ond Genera! Manager 


Expanded versions of the following articles which ap 
peered in MINING ENGINEERING will be published ot o 
loter dote: “Research and Sales—Key to Climax Growth” 
by R. E. Worriner, “Detroit Research Laboratory” by A. J 
Herzig, “Langeloth Conversion Plant” by E. S. Wheeler, 
and “Molybdenum Works for the Mining Industry” by T. E 
Normon 


This together with improvement t 
grinding technique increased tonnage to 18,000 ton 
pel day The 
cludes six more mill sections and the Storke level 


per d 


added in 1940 
most recent expansion program in- 


crusher. Present capacity is 28,000 tons 

Crushing Done in Three Plants 
Crushing of Climax mine-run ore is carried out 
in three stages. No. 1 and 2 used for 
ore from the Phillipson level and the No. 3 crusher: 
treats ore from the Storke level. The flow of mate- 
rials is the same in all three, but the third stage of 
crushing for the Storke level crusher is done in No 
2 crusher 

Equipment in No. 1 and 2 crushers is identical 
but the capacity of No. 1 r is 5000 tons per day 
while the capacity of No. 2 crusher 14,000 tons 


crushers are 


crusne 


per day 


Phillipson ore is dumped into the crusher bin 


from 10-ton Granby cars and fed to 48x60-in 
Buchanan jaw crushers through chutes and Ro 
feeders. The jaw crushers have a discharge opening 
of approximately 9 in. and a capacity of 500 tons per 
hr each. The product from these jaws is carried | 


pan and belt conveyors to a 5x9-ft vibrating grizz] 


with 14%-in. openings. The oversize i 
standard Symons cones and the undersize joins the 
crushed material from the standard. The standard 
cone crushers are set at 1% in. on the closed de 


and the product, all —3 in., is fed to storage bin: 


Operating in closed circuit with vibrating screen 
7-ft shorthead Symons cones prepare the fina] mill 
feed, averaging 6 pct on %-in. mesh 

The Storke level crusher is designed to crush the 
entire mine production after the ore from the Phil 
lipson level is depleted. The primary crusher at the 


Storke level is a 60-in. Nordberg gyratory. The 
main shaft complete with mantles weighs 90 ton 
and the total weight of the crushing unit is 500 ton 
The crusher is driven by a 500-hp motor with a 
V-flat pulley arrangement. Cour 
240 rpm, driving the eccentric at 80 rpm 


ershaft speed | 


To guard 
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ru centratin 
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New Storke level crusher locoted 1500 ft from the Storke level adit, which is to the left of the picture on the same elevation. 


roted in the new Storke crusher 


including bins constructed with 


eorth tills and outside conveyor 


beits enclosed with semicircular 


corrugoted tunnel support 


n when mining on the 
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From this bin the ore is fed on a 5x9-ft vibrating 
creen, with 2-in. openings. The oversize product 
from the screen is crushed in a 7-ft Symons stand- 
ard cone and added to the screen undersize 

The product from Storke crusher is transported 
nearly 4000 ft and elevated more than 300 ft to the 
fine ore bins near No. 1 and 2 crushers. This conveyor 


ystem is divided into belts of nearly equal length 
yperating 475 fpm. Designed capacity is 1500 tons per 
hr. The ore from the fine-ore bin is delivered to the 


storage bins in No. 2 crusher for the final stage. The 
crushed ore from all three crushers goes to 14 
cylindrical ore bins, 35 ft high and 35 ft diam, hav- 
ing a capacity of 600 live tons of ore 

Climax ore is an altered and highly silicified 
granite, and the most important mineral, molybde- 
nite, is finely disseminated and found in thin veins 


onee 


ihe her 1 amy ly protected 
rhe tective de es are inter- 
t} } e mot » that any | failure 
é The n hine cannot be 
t if ire rected Th 
é tarted in February 19 nd to date 
é ntle the ncave have been 
the | ve ry nile snore ‘ he 
t isher ha iy ty of more than 
1@lay jue to large rocks are 
es t bout 20 pct t time because 
f i hanguy n crushers and bin 
the r isne t ed in a 
n adjacent to the crusher building 
| 
Many teotures ore imcorpe 
This 
crusher mine 
Phillipson is complete 
ii 
096 — 


@ 


Section through on exposed conveyor gollery, showing in- 
sulation and lightweight construction. The curved corru- 
gated covering is used for highway culvert support. Electric 
strip-heaters are installed in the gallery to keep tempero- 
tures above freezing in the winter 


and stringers associated with quartz. Other min- 
erals present in the ore are wolframite, cassiterite, 
topaz, monazite, pyrite, and calcopyrite. Molybde- 
nite is not difficult to float; however, the mineral in 
the Climax ore is very finely disseminated and good 
recovery at coarse grinds is one of the major prob- 
lems. At present, the rougher concentrate is being 
floated at 43 pct +100 mesh. It is believed that this 
is one of the coarsest grinds of any large mill is ex- 
istence. The ratio of concentration of rougher con- 
centrate to total feed is nearly 25:1 and the rougher 
concentrate only requires fine grinding for further 
processing. This system confines the expensive fine 
grinding to a small amount of the total feed 


Rougher Circuit 

The rougher circuit consists of 14 units in paral- 
lel. Each unit is made up of a bin, ball mill, classi- 
fier, three 13-cell flotation machines, and auxiliary 
equipment such as feeder belts, pumps, and blowers 

There are eight 9x8-ft grate-type Marcy ball 
mills driven by 450-hp motors and six 9x9-ft grate- 
type Marcy ball mills driven by 600-hp motors. The 
use of shiplap liners is standard practice and 3-in 
forged steel balls are charged daily. Consumption 
of balls is 1.30 lb per ton of ore treated 

The classifiers are 78-in. Akins duplex high weir, 
with a double spiral. The first of these classifiers 
had 12-in. shafts, but recently completed installa- 
tions have 16-in. shafts and it is felt that this in- 
crease in diameter will reduce shaft breakage. The 
rculating load is about three to one 
Although several types of flotation machines have 
been tried, the standard equipment is the Weinig 
subaerated hog-trough type. The power require- 
ment for this machine is less than 1.0 kw hr per ton 
and air at 1% psi is used at the rate of 35 cfm per 
spindle. Normally the flotation circuit consists of 
three 13-cell flotation machines in series. The froth 
from the first machine is the rougher concentrate 
and the froth from the second and third machines 
is returned to the first. Table I gives the reagents 
used in this circuit 


c 


Cleaner Circuit 
The rougher concentrate, containing 8 to 10 pct 
MoS,, 


is thickened and then cleaned in four stages 


Table |. Reageats Used for Flotation Circuit 


Reagent Lb Per Ten 
Hydrocarbor 
Syntex 0.02 
Pine oil 0 05 


of flotation with grinding and classification between 
each stage. The first stage grinding in the cleaner 
circuit is done with two 5x20-ft mills charged with 
%4-in. forged steel balls 

Second stage grinding is done with two 8x20-ft 
mills charged with 2 to 3-in. Texas pebbles. The 
final two stages of grinding use one 8x20-ft mill 
each, and the same pebble size as the second stage 
Very fine grinding with flint pebbles seems to have 
no ill effect on subsequent flotation, but the same 
amount of work with steel balls will lower the re- 
covery. The only reagents used in this circuit are 
small amounts of pine oil to promote molybdenité 
recovery, and soda ash with cyanide to depress the 
pyrite and calcopyrite. This cleaning circuit is in 
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Cross-section of No. 3 Mill 


whic t I The Humphrey spiral is the key the successful 
le f peration of the byproducts plant. The feed to the 

taine i re é el- contains about 0.025 pct WO, and the spiral 
} t neentrate contains 1.0 pet WO, after cleaning 
Tonnage to each spiral is 40 tons per day. Recovery 


to 


I 
Filtering and Drying f the spira nearly equal to table recovery, but 
G1. tonnage is double and requirernents for floor space 
t4ut f the I ils 
4 } the ‘ Phe i entrate cont about 50 pct 
ted Alt ; irying plant e which is re ed by flotation in an acid cir- 
“ 6-ft Eire lish The filtered cuit with xanthate, pine oil, and Dowfroth. A clean 
e ft four-} th drier. The pyrite concentrate containing not less than 50 pct 
" ’ irum-t filte i four ilphur is produced and ld for acid manufacture 
he herr The r fl t fror the te flotation is tat led 
ed ind the « ite cor at it 25 pet wo, 
é t rhe nazite er ection where mona- 
Byproducts ite floated in a high acid circuit using a1 

: ‘ ; the eanir plant e the mor te and arch to dey 
‘ " a wolframite The nonfloat from this circuit, contain- 
t. The n it 40 pet is upgraded on magnets to 65 
if ‘ pct WO,. The nonmagnetic material contains the tin, 

te ‘ ‘ te nd t te can ipgra led by tat ling r screening 

ed rhe tailings pond, located about three miles north 
I esence of extremely small ar ints of wol- f the mi erves two purposes—tailing storage 
‘ a ind wate eclamatior ing is carried from the 
" ‘ f ext t va ? n igh 24-1 wood stave machine-banded 
kr fte he dk ent of eH 7 pipe. The crest of the present pond 300 ft wel 
phre work w tarted : ! han the n The pipeline is laid in nearly hori- 
1o4¢ i fir eacr icceeding ectior being at a 
a ” nit wa ced ir era ' 4 ve eve ihe ! zontal sections re connected 
r ection of the n has increased in size along by vertical drops open at the top. The length of 
with the rest of the plant. alt gh the t juct these sections and the height of the vertical drops 
plar ‘ aded at the present time The flow f conform to the topography ar i are arranged so that 
mate ls now used has ¢ ed from the nal each 1000 ft of horizontal pipe has at least 15 ft of 
T t plant and ! t f ne cla ed vertical drop. These penstocks impose the neces- 
prod t emoving py te ft flotat tat ne the ary head to maintain the minimum velocity required 
nonfloat from the pyrite flotatior en ng mona- t arry the tailings. During the st months the 
te f the table concent te by flotatior nd up- tailings are distribut« : g the of the dam 


grading WO, concentrate wi net through 4-in. leads. The height of the berm built 
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ABOVE—Looking northwest across the Climax tailing pond 
In foreground is 24-in. tailing line showing standard drop 
for maintaining head in the line. RIGHT—Six-pole magnetic 
seperator producing tungsten concentrate in byproducts mill 


with bulldozers 


lanner is raised still highe1 


During the winter the tailings are distributed 
through four or five 20-in. leads in front of the 
berm built during the summer The water im- 
pounded in the dam goes by gravity or pumped to 
Lake. This lake, located 34% miles from 
id 600 ft lower, makes up the mill wate! 


filled in the spring by a system 
from the 
overflow 


iaKe 


that gatn 


ing runoff 


the winter, 


the spr 


watershed. During 


Ten-Mile 


Climax Expands 


Ore Treatment Research 


A® a part of its western operations, Climax, since 
1926, has conducted a program of ore testing 


Colorado Sct 00] otf 


at the G jen laboratory of the 
Mines Research Foundation, which staffed with a 
technical group directly employed by the company 
Exclusive use of certain laboratories together with 
the joint use of all common plant facilities is estab- 

hed by contract with the Colorado School of Mines 
Research Foundation. The Foundation is a nonprofit 
corpora n legally distinct from the Colorado School 
f Mines but closely associated with the school. The 
experimental plant, center of activities of the Re- 
earch Foundatior hool property but pri- 
marily used for research work sponsored by the 
rr ng and metallurgical industries 

Recent expar n by Climax of research activities 
in the ore dre ng field is the result of definite com- 
pal policie In the fir place constant effort is 
being made to achieve maximum recovery of mo- 
lyt and to produce concentrate of highest 


possible purity. Second, the management-inspired 
investigation of the recovery of byproduct minerals, 
which led to the installation of a plant in 1948 for 
ecovery of tungster mcentrate, is still a very ac- 


and varied demand 


from the tailiz 
Lake, but 
pumped 
1000 acre-ft 
Robinson Lake 


for ore treatment investigation ha been injected 
into the research program t the exp! ition dept 
Expansion of the volume of research work ha 
been accommodated by increasing the Golden labo 
ratory staff and establishir new testing it a 
tory at the Climax mill, which operat ad r 
of the mill dept. A number of special projects have 
been placed with research institutions and universi 
tie to ipplement direct company effort These 
ponsored investigation e proce ire ¢ 
ried out either under the directior f the mp 
laboratories or under the genera ipervisior fa 
company official who coordinat h work witl 
the activities of testing staffs at Climax and Golden 


Mill Laboratory Attacks Operating Problems 
The metallurgical research program was expan 


1954 by 


in August 


cilities at Clin 


laboratory pers« 


pulps 


esses involving the recovery of molybdenite, tung- 
sten, pyrite, and tin 
Initial molybdenite flotation testing confirmed 


the 


Consumption of water in the mill is about 
per month, and since the capacity of 


> is only 
water is extremely 


This makes it po 
tion for the possible improvement of existing proc 


12s pond goes by gravity to Robinson 


seepage from the pond must be 


2000 acre-ft, conservation of 
important 


led 

the installation of laborat 

1ax Jeing located at the plant, the 
mnel have acces the unt 
ible t carry on investiga 
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ABOVE—Pilot plant in Golden laboratory for testing mag- 
netic seporotion used in Climax byproducts plont. LEFT— 
Molybdenum flotation test mill to check recovery and meth- 
ods for possible application to the Climax flowsheet 


policy of placement of research projects with insti- 
tutions outside the company. From an ore treatment 
standpoint, investigations have been undertaken or 
are in progress covering a wide range of subjects 


pre j work by the Golden laboratory that there . 7 
tha Expert Analytical Work Essential to Research 
ned in the laboratory batch flotation cell and By way of illustrating the nature of the analytical 
’ tior ells. Laboratory tests resulted problems posed by ore treatment investigations a 


It was possible to cut this re- few figures are given from actual experience. Cli- 


, half t hanging the plant max ore averages about 0.5 pct MoS, or 0.3 pct sul- 

with the laboratory procedure phide Mo. Consequently, a 1.0 pct improvement in 

e decreased the grade of rougher recovery is measured by a lowering of mill tailing 

t 2 pct as a result of a flowsheet assay for MoS, content amounting to 0.003 pct. Ob- 
froth to rougher concentrate in- viously it is necessary to obtain reproducibility of 


the middling fraction back to 


assay results within that limit if test work is to 


iit. Froth removal must be con- have any significance 

ite to hold rougher concentrate In the case of tungsten a difference in tailing as- 
le within limits of the regrind- ay of 0.001 pct WO, measures a difference in re- 
the mill covery of approximately 4.0 pct. Accuracy of about 
lifference in recovery is attributed this order has been achieved on low assay samples 
‘ borat flotation cell to float by the development of a special colorometric method 
particle thar in be floated in for tungsten, which makes it possible to evaluate 

As this difference in coarse par- test work within the limits indicated 
elieved due to mechanical aspects Exploration activities also create some interesting 
an invest tion is being initi- analytical problems since ores of many types and 
with the operating staff in an from many localities flow into the research labora- 
the performance of the plant flota- tory. So long as the engineers and geologists in ex- 
ploration remain active there is little chance that 

gement has adopted an aggressive the research laboratory will curtail its functions 


Planning 


and 


New Construction 


of operation which are superior to past methods from 


xistence justified by the aid it can a standpoint of time, economy, or safety. All of these 
ri epartments tl ighout the plant things are of importance to the operation and help 
This a es through testing and selecting equip- the production man who does not have sufficient 
i ment and materials; plans and estimates for con- time to investigate the necessary details 
truction work; determining the merits of sugges- At present this department is composed of a plan- 
tions from various sources, which may range from ning engineer, a metallurgist, a mining engineer 


management to the laborer; and working out methods three test engineers, and a secretary. Problems 
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HE planning dept. functions as a service de- (ee 


handed to these men cover a wide range of activity 
and may come from any department head or from 
management. The group is working on installation 
of a mill crane; converting from sack to bulk cement 
in the mine; building a jumbo and steel forms to 
replace wooden forms for loading cutouts; convert- 
ing the main warehouse storage from wooden to all- 
steel construction; providing a sleeping room in the 
hotel annex with a 30 pct oxygen atmosphere; and 
working out a more economical means of supporting 
slusher drifts. These are a few of the projects now 
on tap 


Attacking Crushing and Milling Problems 

Planning assists both the milling and crushing 
departments in solving prevalent metal wear prob- 
lems. This phase of activity has a two-fold func- 
tion: it assists the operating departments as well as 
aiding the sales dept. staff in testing new materials 
as they are recommended 

Climax ore presents a severe wear problem in 
grinding. Annual records of wear life of various 
materials have been kept by the operating depart- 
ments and these records are being expanded and the 
data used in conjunction with various new materials 
that are being tested. Specific wear problems are 
hard to duplicate in a laboratory, and materials are 
therefore being tested in actual service under stand- 
ard operating conditions. The function of the plan- 
ning dept. is to correlate and supervise the testing 
program and to supply the results of the program to 
the interested parties 

Wear is a problem in all phases of crushing and 
grinding. Testing programs are either planned or 
have been completed on jaw crusher plates, chute 
liner materials, screen rods, cone crusher lines, ball 


mill liners, grinding balls, and classifier wear shoes 


\\\ 


Three of the new 18-unit apartment houses for resident em 
ployes. Overhead is ao portion of the 4000-ft conveyor belt 
from the Storke crusher to the fine ore bin. This is typical 
of the construction jobs completed in the last five yeors 


Every man in the department understands fully 
that cooperation with the other Climax departments 
is of utmost importance, and that his principal duty 
is to aid the operating departments in every way 
possible. An engineer in this department soon finds 
that his work does not encompass routine and stand- 
ard jobs 

It is difficult to measure the value of any service 
department. Many of the Climax projects are fo 
long-range planning, but the target is to show, each 
year, a saving which is several times the depart 


mental operating costs 


Widespread Use Of 
Synchronous Motors Gives High Power Factor 


LECTRIC power is the main source of energy for 

mining, crushing, milling, conveying, and proc- 
essing ore at Climax Power purchased from the 
Public Service Co. of Colorado is delivered over two 
transmission lines at 115,000 v to the Climax sub- 
station, 3333-kva single-phase trans- 
formers step it down to 13,800 v. From this main 
substation power is distributed through two main 
Inter- 


where six 


circuits to strategically located substations 
mediate transformers have 440-v secondaries going 
to the switch and control centers at various points 
of utilization 
Underground Power 
A 4/0 3-conductor steel wire armored cable rated 
at 23,000 v brings power to the underground opera- 


tions. The cable is installed in the Storke level 
ventilation raise and terminates at a 3-pole ai: 
break transfer switch. One ide of the transfé 
switch is connected through an oil circuit-breaker 
to the Storke level substation. The other side of the 
transfer switch is connected through an oil circuit- 
breaker to the Phillipson level system, with a 4/0 
3-conductor steel armored cable installed in the 
borehole from the Storke level to the Phillipson 
level switching station. Power is distributed from 
the switching station to three underground sub 
stations located as near the load centers as physical 
conditions permit 

Underground power at 440 v is distributed by 350 
M cir mils cable from manually operated circuit- 
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nderground switching station that supplies power to elec 
al equipment is shown on the Phillipson level 
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The secondary crushing circuit consists of a pan- 
feeder at the coarse ore bin, conveyor belt feeding 
the Symons crusher, and conveyor belts to the mills 
The entire system is interlocked to prevent ore piling 
in case of belt stoppage. The conveyor belt drives 
range from 125 to 350 hp 

The nine ball mill units in the No. 1 and 2 mill 
sections are equipped with 450-hp synchronous 
motor drives. Each mill and flotation unit has its 
own control center with power supplied by two 
3000-kw substations. The main oil circuit breakers 


are in two separate buildings remote from the mill 
structure, and circuits are brought into the n 
units in underground conduit 

Mills No. 3 and 4 have six 600-hp wound-rotor 
induction motor drives. Each unit composed of a 
ball mill, flotation unit, classifier, pumps, and other 
auxiliary equipment is served by a separate 1000-kw 
substation and is provided with the latest in control 
centers 

The substation for the regrind plant has a capacity 
of 3000 kw. The main plant drives consist of seven 


motors. In addition ther 


200-hp synchronou add e are 
flotation cell, pump and classifier drives, and control 
centers in this plant similar to those in mills No. 1 
and 2. Power is also supplied to two 125-ft thick- 


eners and a new 175-ft thickener 


Water Supply 
Water supply for ore processing and tailings dis- 
posal and domestic use presents a major problem 
Since the Climax operations are situated on the 
Continental Divide and watershed is limited, rec- 


umation and conservation of water are of great 


cor 

Mill water is pumped 4 miles from Robinson Lake 
by three 700-hp motor-driven pumps of 3000 gpm 
cay ty each and one 250-hp pump rated at 1000 

Pumpu tation powe ipplied by a 2000- 

kW ibstatior Mot ire tarted across the lins 
ind capacit connected ac! the mot ead 
prevent tage lip Su ippres and 
r lrau me ted Value tect the ter 
iwgainst heavy surges and pump reversal in case of 
powe failure 

Supplying Power and TV Signals for the Townsite 

The more than 500 dwelling units in the townsite 
are ipplied | three ibstatior two of 300-kw 
capacity each, and one with 500-kw ipacity. Powe! 

distributed throughout the townsite at 440 v and 
tepped down t 0/220 v for domest is€ The 
majority of the dwellir are equipped with electri 
anges 1 the note ises electric al 
cooking, Daking, and refrigerator 

One of the unique features the community TV 

tem provided by the C ay M bdenum Co. a 
1 communiit ery e t ts t 
total of 555 outlets have been installed to serve the 
permanent residents of Climax 

Antennas and head-end equipment of the broad 
band type for simultaneous reception of four Denver 
channels are installed on McNamee Peak at 13,803- 
ft elevation. Signals are brought from the antenna 
to the 


nsite over 12,000 ft of K14 coaxial cable 
with four amplifiers to maintain signal strength at 
normal levels. More than 50,000 ft of RG11U co- 
axial cable is installed in the townsite area to pro- 
vide the circuitry to the dwelling outlets. Amplifiers 
and automatic level controls at strategic points com- 
pensate for circuit attenuation and provide each 
outlet with 1000 «av signal strength 


d is 27,500 
| 


Training and Supervisor Development 


‘HE supervisor is the real training man at 
Climax. This is true, of course, in many indus- 
tries today. But at Climax the supervisor's impor- 
tance as an instructor in the right methods of per- 
forming the jobs under his direction, his persistence 
in following through to see that work is done prop- 
erly, and his ability to get men to follow his direc- 
tion because they want to rather than because he 
wants them to—all these factors take on a keener 
importance in hard rock mining than in most heavy 
industries. The unavoidable dangers of mining, how- 
ever, are so well known and identifiable that safety, 
efficiency, and production are inseparable 
This work trinity is the guiding principle toward 
which all planned training at Climax is directed. It 
is an old axiom that the right way of doing any job is 
the safe way or, conversely, that the safe way is the 
right way, ultimately resulting in greatest produc- 
tion. In the past this principle has not been easy to 
get over to the workman. Pressure for peak pro- 
duction has hit Climax recurrently through the 
years just as it has other mines. Present pressure to 
meet production goals as the result of Government 
stockpiling and increased industrial demand is rem- 
iniscent of war days. This sense of urgency occa- 
sionally tempts the individual workman to take 
shortcuts that prove costly in terms of production 
injuries, or general confusion 


Supervisor Development 

Realizing the importance of the supervisor 
Climax has placed major emphasis on a supervisory 
development program. Since its creation two years 

objective of this program has been to mak«¢ 
the operating supervisor a more efficient and effec- 
tive leader and trainer of men. Management recog- 
nized from the outset that training was primarily 
a line responsibility rather than a staff function and 


{THERES 


ago, the 


that the main purpose of the training department 
should be to assist line executives and supervisors 
to fulfill their responsibilities in training subor- 
dinates. A building was set aside and equipped for 
training and safety meetings 

The basic training vehicle at Climax has been the 
conference method, which brings the full experience 
and considered thinking of operating officials to 
problems of training common to all supervisor per- 
sonnel, namely, the need for 1. better understanding 
of the principles of leadership—of getting results 
through people, 2. greater skill in teaching the right 
methods of work, 3. increased ability to plan and 
simplify work methods, and 4. the consultative ap- 
proach to operating and personnel problems as an 
effective and more frequently used management tool 

The supervisory development program has utilized 
the job relations, job methods, and job instructor 
training programs developed by the training within 
industry branch of the War Manpower Commission 
during World War II. These methods have since 
been widely used by industry and Government. The 
leadership program has also the Man-to-Man on the 
Job program of General Motors Corp 

The job instructor training has been given to some 
of the lead men as well as the supervisors in view of 
the fact that most of the job trainings 
these key men rather than by the supervisor 

Conference leadership training has followed the 


given by 


pattern developed by the duPont Corp. in the 
smooth-functioning discu n-leading progran 
With the exception of orientation training given to 
employes new on a job and certain special course 
which may introduce new equipment or work pro- 
cedures, the fundamental! basis of all Climax training 


is to develop the supery r primarily through the 
conference method and then help clear the way for 


him to carry the training on down the line 


We are glad To see you LEVEL 
On our form building crew 
This is Our present seT-up ‘ 
for underground construction 
FOREMAN 
S Shift boss 3 shift b oss | 
we 


Three poges from o new training manual for the underground form-building crew. The booklet is pocket size ond printed on 


washable ond waterproof paper to stand mine service 
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ohking west at the Outlaw and Calamity Mesa area from 
the Uncompahgre Swell. The La Sol Mountains of Utah ore 
n the bockground Orebodies in this district ore a part of 
the Uroven mineral belt and lie about 60 miles southwest of 


srand Junction 


Diversification Represented By 


Climax Uranium Co. 
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treatment of both uranium and vanadium ores, was 


completed and the mill was placed in operation 
early in 1951. Subsequent to that time several 
alterations were made and the capacity of the plant 
increased. In terms of recoveries, the plant has 


proved to be one of the most efficient on the Colo- 
rado Plateau 


Zecently the mill has been still further revised 


to increase capacity and simplify operations. A new 
crusher and sampling plant, completed tt ear 
na been effective n streamlining re pu chasing 
and stockpiling, as well as providing feed for the 
mill. In addition, the percolation leach tanks for 
removal of the uranium from the slimes have been 


replaced with a modern continuous countercurren 
leach plant 
Ores of the Colorado Plateau have been proce ssed 


for many years, but uranium recovery is compara- 
tively recent. Ores were first processed for radiun 
and at one time the Plateau comprised the major 
sy Id iIrce f that element Afte th Afr ir 
leposits were jiscovered the radium ir justry in the 
Plateau area could not compete economica How- 
ever, the content of the es | ved 


valuable and two companies built processing pla 


. 
» 
* 
le 
we 


that for many years recovered only the vanadium 
While it was known that the ores contained ura- 
nium, there was no commercial market for any 
quantity of uranium, and little or no effort was 
made to recover the now critical element 

When the Government inaugurated the Manhat- 
tan Project, it was imperative that large amounts 
of uranium be obtained quickly from all possible 
The mills processing Plateau ores for vana- 
quickly converted so that uranium could be 
recovered as well. When Climax Uranium Co. be- 
gan its construction in 1950, it was the first time 
that a plant had been initially designed for the re- 
covery of uranium and vanadium from Plateau ores 
and erected with funds supplied by private capital 


sources 


dium 


Climax Uranium’s mill utilizes a sand-slime sepa- 
ration method applicable to the majority of uranium 
ores in the Colorado Plateau. The general flowsheet 
of the mill was selected after careful consideration 
of known methods of beneficiating uranium and va- 
nadium ores. The process is flexible as to ores that 
can be handled. Its use of waste acids in the neu- 
tralization step permits treatment of 10 to 15 pct 
lime ores 

Through the desirable features of sand-slime 
method, the mill is able to discard about 60 to 70 pct 
of the ore with minimum treatment. Effort can then 
be centered on the high grade slime product with a 
reduction in cost and improvement in recovery 

Development of any process is usually based on 
fundamenta! data obtained from laboratory results, 
and from general experience 
plant operations. Normally in ore proces- 
sing the fundamental data will include characteris- 
tics of the ore to be treated. In the Colorado Plateau 
where deposits are generally small and vary widely 
in basic composition, it is impossible to determine 
of the feed ore. Climax treats ore 
from 50 to 75 different sources, and the same is true 
of most of the other processing plants. It is for this 
reason that most of the processing plants in the Col- 
orado Plateau are in a more or less continual state 
in an attempt to keep up with changing 
conditions of mill feed 
are usually sedimentary sandstones 
they are easy to grind. The values of both uranium 
and vanadium are cemented upon the sand grains 
in grinding the ore, the cemented values are in 


This 


pilot plant operation, 
in othe 


the characteristic 


of change 


Since the ores 


and 
a large part broken loose as an ultrafine slime 
property can be both beneficial and detrimental 
The neutralization section is an innovation intro- 
duced by the Climax Uranium Co. so that high lime 
may be handled. In the past high lime ores 
could not be processed in acid leach circuit for two 


main reasons 


ores 


1. Ores containing in excess of 4 to 6 pct calcium 
convert the 
vana- 


carbonate would, upon salt roasting 
vanadium into a water-insoluble calcium 
date and vanadium recovery would be seriously 
affected 

2. Sulphuric acid used to leach the uranium would 
react with the calcium carbonate to form calcium 
sulphate, which in one form is plaster of Paris 
The plaster of Paris would then set up in the now 
discarded leach tanks, stopping any percolation of 
the acid 


High Lime Ore No Problem with Ore Neutralization 


In the Climax process, waste acids from the roaster 


gas scrubbers are used to neutralize the calcium car- 


‘ : 
RANIUM LEA 
IRANIUM PRECIPITATION a 


Process Flowsheet 
Climax Uranium Co. 


These waste acids are a 
When 
calcium carbonate 1, it 
forms soluble calcium chloride that can be elimi- 
nated in the thickener overflow. The calcium car- 
bonate that reacts with the sulphuric acid forms cal- 
insoluble in water and 


bonate contained in the ore 
mixture of hydrochloric and sulphuri 


u acid 
reacts with hydrochlori ack 


cium sulphate which is quits 
will, of course, be carried along with the ore. It ha 
been found, however, 
roasting does not react with the vanadium to form 
calcium vanadate so that the conversion of the 
vanadate 


ulphate 


that calcium sulphate upon 
Vana- 
dium to water-soluble sodium occurs not 


mally in the roaster. The calcium also, is 
converted in the roaster to a dead-burned gypsum 
which does not set up. By use of this step, difficul 
ties generally encountered with high lime ores can 
be eliminated 
At Climax Uranium or 

ing and sampling dept. at 1 in. and ground in a 
4x6-ft Marcy rod mill in « cuit with an Akin 
classifier. Neutralization is carried out by pumping 
the slurry from the Akins classifier overflow 
of five 8x8-ft agitator mixed with 
the waste acids at 1.5 pH. The five tank 


eries to provide ufficient contact 


is received from the crush- 
losed cit 


to one 
tanks where it 
agitator 
are operated in 
time for the reaction between the lime and acid to 
occur. The ove from the No 


goes to another agitator tank where 


agitator 


added 


acid 


NH,OH 


rflow 


to bring the pH up to 6. This step is taken to precipi 
tate any uranium or vanadium that may have been 
dissolved in the acid neutralization treatment 

Other benefits that are obtained besides the neu 


tralization of the lime in the ore ars 


1. Overall acid consumption in the plant is re- 
duced; rather than add new acid, waste 
be utilized 
2. Plant make-up liquors containing 
of uranium and vanadium are sent through the 
ore neutralization where the uranium and 
dium are precipitated and recovered in subsequent 
operation. This enables plant control of pregnant 
liquors at optimum levels for eas« 

Another 
sand-slime 
through the neutralization 
Dorr hydraulic sizer where a 
is made. It has been found that by making this sep- 
aration, 70 to 80 pct of the values contained in the 


af uu “aii 
mall amount 


Vana- 


in refining 
innovation in the Climax flow 
After the ore has gone 
pumped to a 


heet i 
separation 


and-slime separation 
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The major part of the vanad 
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npounds 


are converted to water-soluble sodium vanadate 
V,O, + 2 NaCl + H,O ~ 2 NaVO, + 2 HCIf 


2. When the salt reacts with the vanadium and 
other constituents in the ore, it produces hydro- 
chloric acid gas. This is recovered by passing the 
roaster gases through a scrubbing system and the 
acid thus made is used to neutralize the lime in 


the ore 


The calcine is discharged at 825°C from the 

yaster into a Baker cooler, which is a three-com- 
partmented tube partially submerged in water. The 
calcine is cooled and discharged to a belt conveyor 
that delivers the calcine to the vanadium water 
leach 

The calcine is discharged into a small ball mill 
and ground with hot water. Very little grinding is 
done in this mill since only the particles larger than 
44 in. need be broken up. The slurry from the ball 
mill is discharged to a 6x6-ft agitator surge tank 
and then to a top-loading drum filter 


Leaching and Refining 

The filtrate from the drum filter contains most of 
the water-soluble vanadium of the calcine. The cake 
is washed on the filter with hot water sprays and 
then is discharged to another agitator tank where it 
s repulped with hot water and is then filtered and 
washed on a second drum filter 

Solids from the second filter are pumped to thick- 
eners for a final washing. The overflow is returned 
to the vanadium leach circuit, and the thickened 
pulp is sent to the new countercurrent uranium 
leach plant. In the leach plant, the uranium-bearing 

me is mixed with sulphuric acid, then filtered on 
drum filters. This process is repeated four times un- 
ler carefully controlled pulp densities and pH to 
produce maximum recovery of uranium in the ore 

The vanadium pregnant liquor from the drum fil- 
ters is first clarified in pressure filters to remove any 
trace of sand that might have gone through the 
creens of the drum filters. The liquor is then 
to a large agitator tank where it is heated 
and sulphuric acid is added to bring 
The vanadium will then precipitate 
ium polyvanadate 2Na,O-7 V,O,, com- 


as red-cake. The precipitated liquor 
aced in filter-bottom tanks where the red-cake 


filtered, and the filtrate is sent to waste. The cake 
s thoroughly washed end is then charged into a 
fusion furnace where it is melted to form a dens 
black vanadium product 

The acid liquors from both the sand and slim« 
leaching operations are sent to the uranium section 
here the uranium is removed and refined. Waste 


acid from this section containing residual acids and 
some vanadium is returned to the lime neutraliza- 
tion section 

Much effort, time, and money have been expended 
by the Climax Uranium Co. in its research activities 
The processing of uranium is a relatively new field 
n the mining industry and while existing methods 
are fulfilling Government needs, the industry feels 
that many improvements can be made. The research 
dept. is conducting test work in its own laboratories 
as well as studying the results of the AEC research 
program. Many features that are being incorporated 
in the new mill recently completed in Grand Junc- 
tion are the results of this research program. Until 
more is known of uranium processing, the research 
activities must continue at a vigorous pace 
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Establishing Soaking Pit Schedules from Mill Loads 


In order to devise a practicable soaking pit schedule for use at The Steel Co. of 
Canada Ltd.'s Hamilton Works, soaking pit heating temperatures, soaking times, 
pit capacity, and safe maximum mill drafts were correlated with fluctuations in the 
current or load of the bloom mill driving motor. Other variables such as total delays 
in the pit, rolling schedules, mill delays, and track times were also investigated. 


ie order to show an easily applied and accurate 
t 


ins of establishing seaking pit heating tem- 
perature soaking times, pit Capacity, and safe max- 
mum mill drafts, these various factors are corre- 
lated herein with fluctuations in the current or load 
of the bloom mill driving mot 


Rolling practices have a considerable influence on 


the production capacity of a blooming mill. The 
maximum values of the torque, in particular, are of 
importance, since even instantaneous current peaks 
ead to the tripping of the motor by the overload 
relay and result in loss of mill time. The establish- 


ment of safe maximum drafts and accelerations fo: 


ngots of different sizes and of a soaking pit practice 
which would ensure a consistent an satistactory 
plasticity of the metal is of cor lerable importance 
for increasing the effi ency of both the blooming 

lll and the pits 

The Bloom Mill Dept. of the Hamilton Works, The 
Steel Co. of Canada Ltd., is equipped with one 44 in 

driven by a 7000 hp motor with the setting of 

tl ve id relay at 22.0 ka. The speed of tation 

ine liated Tle the Ward-Leonard 

stern There are three basic speeds of 9.5, 28, and 

47 rpm and a further px ty of increasu the 

peed | weakening the field. This last possibilit 

hard eve Guring practical operation The 

prograrl f the t oming varied, 

the ‘ f the ingots to be handled and in the 

teel grades. The total tonnage handled by the mill 
about 2,000,000 ingot tons per yea! 

At the time t the nvestigation, the Bloom Mill 
De pt. was equipped with 22 soaking pits (6 regen- 
erative 4 bottom-fired, and 2 one-way top-fired 
pits) wit! i total bottom area of 2770 y ft The 
pit are fired wit! i blast furnace-coke oven ga 

ixture having a calorific value of 155 Btu per cu ft 

The f eg figure how that the producti 
t gra Nia ict as te my e the nece ty of a 

t eff nt usage f the av ible equiy ent. For 
th pu e, the operations of the 44 in. mill and of 
tne akir t were nvestigated, and the esult 

f the ivest t were used a i Da for a re- 
vised Kir t hedule and drafting practice 

The plasticity of an ingot of a certain chemical 
‘ position when being rolled jetermined main- 

by the following factor l—the ingot size, both 


R. D. HINDSON, Associate Member AIME, and J. SIBAKIN are 
Works Metollurgist and Metollurgist, Research and Development, 
respectively, The Stee! Co. of Canada Ltd, Hamilton, Ont, Canada 

Discussion of this poper, TP 4109C, may be sent, 2 copies, to 
AIME by Dec. 1, 1955. Manuscript, Feb. 10, 1955. Chicago Meet 
ing, Februory 1955 
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thickness and width; 2—the length of the gas soak; 
and 3—the surface temperature. The first two fac- 
tors determine the uniformity of the temperature 
listribution over the cross-section of an ingot. The 
third factor ntroduces the level of the heating of 
an ingot 


The torque produced by an ingot being rolled is 


determined by the area of the metal displaced, its 
lasticity, and acceleration value On the othe 
hand, with shunt motors the torque is deter! ed 


by the current. This can be a 


with only a small degree of ¢ 
motors with a relatively small 
windings as long as the velocity) 
weakening the field. Since the 


unimportant when compared t 


got and since it is also reduced j 
rolling by edging passes, the draft alone and not the 
area of the metal displaced may be taken into « 
ideration with ingots of a 

It therefore po ible to determine the main fea 
ture ff the heating and draftin; f an ingot by 
measuring the current and acceleration of the mill 
moto After the acceleratix been taken into 
account, the amount of current Wil be an indication 
of | vy the mot esp I { a heating and/« 
drafting practice and these practices can be adjusted 
n order to get the de red re t 

As peak current ire 1 ‘ kely when heavier 
ingots are ed, the f plate and slab ingot 
wa nvestigated ( prevailing when 
mali ngots are roll an be dedu i from the 
esuit ybtained on heavie t measure 
ments were made when plain carbor le inde 
0.15 pet ( were olled 

The wor cu t the tage tre i 
ture and the rp! vere litare 

nchronized chart l h the 
peed of 6 pe Each d tw one le t 
yer da oD 4 ve 

The rpm curve ! ade tt} bie to estat h the 
acceleration at any given moment. iT} 
correlation, the maximur: irrent during a pass and 
the corresponding acceleration were ised The 
chart made it px ble to est hh the posit I rf 
the roller’s lever at any given moment as well as the 
total time of a pa 

The slab ingots were divided to three grouy 
(28x35, 28x45, and 27'42x53 ngots) and each 
group was investigated separate!) Since the ac 
count for most of the current peaks, only flat passe 


~3 


were used for purposes of correlation, a total of 13 


having been investigated 
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‘ he 
4 
= =i Fig. 1—Motor current, the volt 
, » 
age across the armature, and the 
- rpm were recorded simultaneously 


on these synchronized chorts 
- The charts were moved at a speed 


e of 6 in. per min and each droft 
7 was recorded by a special observer 
i ~ 
altaple in the required range of 2325° to 
Na 2350°F. The leng soak was varied be- 
the elocit rf tween 40 and 220 greater majority of 
} The influ- the ingots had a track time of 2 to 6 hr. The drafts 
‘ t vere correlated with the maximum current during 
ited iy a pass after the extreme values of acceleration were 
tne ft actical eliminated The ingots were divided into groups 
actice with similar gas soaks (within 10 min) and each 
et ered group was treated separately 
tr The esult of ich a c lation fe 27 %2x53 
ingots is shown in Fig. 2 
In ! The two lower lines are relatively quite close t 
each other. the difference being within the limit of 
hi he fluence of the an experimental error, and can be combined. This 
te ind é means that there is no change in the plasticity of an 
: ot of this size under practice conditions when the 
ength of gas soak is increased from 95 to 160 min 
t ‘ t vas estab- Fig. 3 shows the relative position of the line re- 
the n ating the drafts with the maximum mill motor cur- 
the pattern of rent after the lines for 95 and 160 min gas soak had 
It 232 t been combined. Both figures indicate that a gas soak 
rt of 90 min should be selected for 27'2x53 in. ingots 
‘ , easured The same correlations for different lengths of gas 
f f the face ak were made for 28x35 and 28x45 in. ingots. All 
t f other conditions being approximately equal, a gas 
! pera oak of about 50 min when compared with longer 
e relative oaking times has shown no change for 28x35 in 
é the same ingots and the beginning of a tendency for stiffening 
pendent o1 for 28x45 in. ingots. As was shown before, 27%x53 
abso- 
ferent plant 
least 
ye f 2340 ‘ 
2340 
ty at 
‘ 
east 50°F 
tive 
te t arbor 
ot Fig. 2—Influence of the gos sook, ic. time ot temperoture, 
, denetis he ont ot on the mill motor current was investigated for 27'2x53 in 


ingots. The ingots were sooked within the required tempero 
ture range of 2325° to 2350°F. The gas sook was varied in 


ne luer - © at tem- length from 40 to 220 min and the drafts were correlated 
at nm the ' arr tigated with the moximum current during a poss after the extreme 
f different ‘ vr nh were iked with- values of acceleration were eliminated 
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each would he desirahle A draft recorael 99x94 23x25 24x26 2—small slab ingots: 28x35 


\ 
|; 


in. ingots had under those conditions a rather pro- 
nounced tendency for stiffening. It follows that a 
satisfactory degree of plasticity will be obtained 
after the following minimum gas soak: 45 min for 
28x35 in. ingots, 60 min for 28x45 in. ingots, and 
90 min for 274x53 in. ingots 

The lines on Figs. 2 and 3 are drawn through the 
average values of the current for each draft and the 
variance is distributed equally on both sides of the 
lines. The value of the standard deviation of the 
current when combined with the average lines as 
shown on Figs. 2 and 3 allows establishment of a 
draft at which the maximum allowable current 
(corresponding to the setting of the overload relay) 
will be exceeded in only a certain definite numbe! 
of cases. This level of safety was selected to be 10 
pet, and the corresponding draft is the maximum 
safe draft at which the maximum current of 22.0 
ka will be exceeded in not more than 10 pct of all 
Cases 
These maximum safe drafts were found to be 
7/16 in. for 274x53 in. ingots, 15% in. for 28x45 
in. ingots, and 2 in. for 28x35 in. ingots 
As the levels of probability were established with 
only the extreme cases of acceleration excluded, 
hey are representative of normal practice without 
restrictions. The maximum draft can be further in- 
creased within the same safety limit if high acceler- 
figures during rolling are avoided. The prac- 
figures for the percentage of all flat 
required a current of 22.0 ka (or 23.0) and 
tabulated as a check 


tical passes 
which 
over at different drafts were 
and the resulting curve for 28x45 in. ingots is shown 


in Fig. 4. The frequency distribution based on prac- 
tical figures shows that at the suggested maximum 


I 
safe draft the magnitude of the current is well with- 
selected safety limit 

In order to check the influence of the drafting 
ice on the rolling time of an ingot down to the 
same slat ze, the overall rolling time was estab- 
shed. Frequency distributions of drafts for all in- 
ots rolled below and above the average rolling time 
were then drawn. The results for 28x45 in 
are shown in Fig. 5. The ingots with a short 


time had a considerably more consistent schedule of 


ingots 


rolling 


drafts, half of all flat passes lying within % in. from 
the upper safe limit of 15% in. Inconsistent errati 
irafting resulted in a loss of approximately 0.4 min 


on each ingot 
Light drafts result in a time loss by increasing the 
number of passes; too heavy drafts result in time 
losses by increasing the number of trippings of the 
otor. The influence of the draft on the time for a 


ae 
4 
, 
+“ 


Fig. 3—Lines relating the drafts with the maximum mill motor 
current are shown after lines for 95 and 160 min gas sock 
hod been combined; see Fig. 2, Data shown ore for 27'2%53 
im. ingots. Selection of a 90 min gos sock is indicated 
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bottom-fired Amco pits in June 1953, the percent- 


% of 
& - ry +4 
A iA 
- of - 


Fig. 4—Practical figures for the percentage of all flat passes 
which required a current of 22.0 of 23.0 ka and over ot dif 
ferent drofts were tabulated and the resulting curve for 
28x45 in. ingots is shown. The solid line represents a current 
of >22.0 ka and the broken line that of >23.0 ka 
Fig. 5—The influence 
of the drafting proc ; ee, 
tice on the rolling 4 
time of an ingot 
down to the same | — 
slab size was checked 
by establishing the 
overall rolling time 
Frequency distribu 
tions of drofts are 
shown for 28x45 in 
ingots rolled below 
and above the over 
age rolling time. Top 
section of the graph | 
shows the distribu ct | 
tion for an average 
rolling time of 3.2 
min; bottom section 
is for an average roll 
ing time of 28 min 


flat pass is shown in Fig. 6 and supports the fore 
going statement 
Thus a consistent drafting practice at or about the 


upper safe limit for a draft with a minimum accel- 


eration with steel between the rolls (higher speed 
of entry) is conducive to a high production level 
The upper safe limit of a draft on a flat pa may be 


increased if acceleration with steel between the roll 
is avoided or if the overload relay et on a higher 


peak current 


It would appear fron the foregoing that some type 
of measuring instrument to record the drafts taken 

| 4 

| > 

| 


Fig. 6—Influence of the drafts on the time for a flet poss is 
shown for 28x45 in. ingots. The curve supports the conten 
tion thet light drofts result in o time loss by increasing the 
number of posses. Conversely, too heavy drafts result in 
time losses by increasing the number of trippings of the motor 
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Table | 


Number of Ingots Charged 


into Bottom-Fired Amco Pit 


Ne ef Ingots ¢ barged 


Type of ingot 
tief 
‘ ‘ 
‘ 
a 
‘ ‘ 
»™ 


Heating time wos « 
time for charges 


Fig. 7? 
charge 


te 
+? 
at 
rreloted 
mode 


fired) pits with standord numbers of 
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with stort powr-to trarsh 
bottom 


ingots 


‘ 
a 
‘ 
i 
i 


Amsier Morton 


28x35 


22x24, 23x25, 24x26 in 2—small slab ingots 
' 3. medium slab ingots 28x45 in., and 4 heavy 
ab ingots: 26x53 and 27%42x53 in 

Each group was treated separat ly and the simi- 
larity of the ingot sizes in ea h group justified the 
assumption that the heating process within eact 
group 1s practically similat! 

The heating time (time from finish charge to start 
gas soak) was correlated with the number of ingots 
harged, the start pour-to-finish charge time, and 
the temperature of the gas soax for each ingot size 

ip separately The consideration of the heating 
ime and not of the total time makes the problem 


of the length of the gas soak, which 1s 


independent 


lifferent for the various ingot sizes 

The problem was treated as a multipl correla- 
tion. curvilinear for the start pour-to-finist chargé 
time in order to bring this most important factor as 
close as possible to practical condition The influ- 
ence of the d rent factors on the heating time was 
eparated and the res ilts corre lated for a charge of 
. certain weight or number of ingots and a tempera-~ 
ture f 2325° t 2350°F 


ractice that, allowing 


stablished 


in 
ts in the pit 


for a nor? ingo and the 
pe bilits with a crane the num- 
me fw I can be charged into 
the bottor vith an available hearth 
ea of 142.5 sq ft and a burne! 5 ft dian 
It t pos t find a signit ant difference 
tery ‘ ture m the f the tn charge 
ak +10 to 16 sma The percent 
at » tenbtcs rea of the pit covered by the ch ge 
' 140 i Tt eer to indicate that 
cr tne me t vVailules al i cal 
eated yuite atisiat y purpost Oo! al- 
t the numbe o! ma t nachna e nas 
‘ imed to be 14, the iverage betweer 12 
ne und 
re 
. Table tl. Relationship for Estimating Time Sook os Applied to 
Charges Heated in Amco Pits in June 1953, Percentage of All 
Charges Covered 
:- Type of Ingots In Pet of All Charges Covered 
ere 22x24, 23x25, 24x24 ei? 
28x4 87 
‘ 24x 7e 9 
ta 
i} the start pour-to-n! h charge time for the standara 
t t es was established first, Fig 7. The minimun 
‘ th f the ¢ sk has been established i the 
ea ‘ ect t tr pape The time soak (muni- 
mum time in pits) he obtained when the length 
1 ga s0aK added to the heating time The 
‘ ting elationship betweer the start pour-to- 
Anish charge time and the time soak for different 
t ‘ s shown in F 8. The relative | tior 
{ the re i ws an estimator f the time s0aA 
na similar way ! ngots of al es. The suggestea 
tionshit vala all cas The lope f the 
j ed ne as show n Fig. 8 not the best 
po ble fit to the practica ne but the best fit o! 
mple expressio! for the suggested elationsnhit 
t pract conditions The iggested 
can be express m the following way the time 
oak is equal t half the start pour-to-fi nish charg 
Im plu 2 hi 
When t! suggested relationship for estimating 
the time soak Was applied to all charges heated i 
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bottom-fired Amco pits in June 1953, the percent- 
age of all charges covered by it was as is shown in 
Table II 
Table II indicates that the relationship between 
time soak and start pour-to-finish charge time as 
suggested in its simple form is satisfactory from the 
practical point of view, but the relationship does 
not cover the extreme cases which are due to some 
abnormalities in heating or pit conditions and which 
cannot be normally anticipated. When only extreme 
cases are taken into consideration (allowing for a 
reasonable inaccuracy in the time reported by the 
heater and observer of about 5 min), the percentage 
of all charges covered will be at least 90 
The relationship “half start pour-to-finish charge 
time plus 2 hr” for the normal standard charges 
(Table I) and highest temperature range of 2325 
to 2350°F covers almost all practical conditions 
As the time soak includes the normally required 
gas soak in 80 to 90 pct of all cases, there will be 
ges when the gas soak will not be com- 
pleted within the estimated minimum time soak 
In order to ensure the readiness of the steel for roll- 
ing, a pit should be drawn only when both the con- 
soak and minimum 


The same reasoning and experimental technique 
were applied to the top-fired and regenerative pits 
and resulted in the relationship between the 


ak and transfer time as shown in Table III. The 


iggested time soak includes the normally required 
ga ik 80 to 90 pct of all cases. The relationship 
mple, uniform for pits of different construction 


and brings the soaking pit schedule on a more real- 


The minimum time soak becomes a measure of 
the heating ability of different pits and can be used 
for the estimation of the pit capacity 

The time soak as established previously is the 
ninimum time from finish charge to start draw 
The time from start draw to finish charge is part 
f one full heating cycle and is dependent on the 
mechanical equipment of the shop, location of the 
pit relative to the mill, size of ingots, etc. It has to 
be established experimentally for each particula 
hoy In th case it was established to be 1 hr f 
the regenerative and bottom-fired pits and 14% hi 
for the t p-f ed pits 


Table Ill. Relationship Between the Time Soak and Transfer Time 
for Top-Fired, Amco, and Regenerative Pits 


Type of Pits Minimum Seak Time 
The estimatior f the pit capacity for bottom- 
fired pits only will be discussed in detail, since it 
epresentative of the technique used f othe 
pits. The minimum possible time of one full heating 
cycle for bottom-fired pit inder conditior pre- 
vailing in the plant will be equal to time soak plu 
r Tt hgure not applicable to each individual 
charge but valid on a long term basi The num- 
ber of charges pe lay and per pit and the turnover 
of a charge (hours per charge) under this condition 
are shown in Table IV 
The figure n Table IV represent the maximun 
theoretical | cat ty when there are 1 delay 
whatsoever. These figures can never be attained in 
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practice and indicate only the ultimate capacity of 
a pit. However, these figures permit assessment of 
the influence of different delays on the pit capacity 
independently from other variables 

In order to arrive at practically attainable capacity 
figures, various delays in the operations of a pit 
have to be estimated. One of the unavoidable delays 
is the time when the pit is down for repairs. The 
time loss involved (including cooling, etc.) can be 
assumed to be 5 pct of the total time. This figure 
has been established cver a period of several months 
for all pits. This delay is close to constant and can- 
not be changed considerably 

The second source of unavoidable delays is the 
time lost as a result of holding a charge in the pit 
over the time when it is ready to draw. These delays 
are due to several factors such as: 1—mill down for 
epairs, 2—mill not prepared or unable to roll a 
charge which is otherwise ready, 3—several pits be- 
ing ready simultaneously, or 4—the rolling schedule 
not being sufficiently adapted to the soaking pit 
time table, etc. Although it is absolutely impossible 
to avoid these delays altogether, it may be possible 


to decrease them by a certain reasonable figure 


Table IV. Minimum Time of One Full Heating Cycle for 
Bottom-Fired Pits 


Start Pour -to-Finish Hr per Neo of Charges 
Charge Time, Min Charge per Day 
2 400 600 
50 4.25 t 
4.5 
47 
24 ‘ 48 
270 2 4.57 
4.0 
7 4.17 
60 
In order to assess the magnitude of this delay, the 
time over finish gas and time oak for each charge 
and pit for the period of 56 consecutive day wa 
established and an average per month and pit cal- 
culated. The average total delays in pits over time 
ready for bottom-fired pit inder practical condi- 
tions were found to be 160 hr per month per pit 
This figure is « juail to all the delay of charges 
in a pit and ji representative ot m mal practice 
It is obviously impossible to eliminate it altogethe: 
but a reduction of 20 to 30 hr might be | ble. The 
figure in itself an indicator for the efficiency of 
the usage of the pit time for pits of similar construc 
= 


Fig. 8—To the dota of Fig. 7 was added the length of the 
gos soak im order to obtain the time sock (minimum time in 
pits). Again, chorges were made in Amsiler-Morton (bottom 
fired) pits with standord numbers of ingots 
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? Sa ae Fig. 12—Influence of delays on the capacity of a pit under 
Fig 9—Influence of start pour-to-finish charge and trock octual conditions with a track time of 3 hr was determined for 

times on the capacity of o pit under actual conditions wos Nos. 23 and 24 one-way top-fired pits 


plotted tor charges made in Amsler Morton ‘bottom fired) pits 
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. Table V. Pit Capacities of Bottom-Fired, Top-Fired, and 
Regenerative Pits 
mm 
Bottom -Fired Tep-Fired Regenerative 
rit ri rit 
Charges Tern Charges Tern Charges Tern 
{ Per over Per over Per ever 
— Day ur Day ir Day ir 
“ — 
2 4.37 49 58 6.7 2 2 
‘ M4 2 7.02 
BS 27 4 ” 
24 49 7.97 
2 1 2 89 2 
2.79 20 2 
4 7 a9 269 8 92 279 
A 29 82 2.59 927 2.69 v2 
Fig. 10-——Influence of delays on the capacity of a pit under 692 
actual aditions with o trock time of 3 hr was determined 
tor charges mode Amsier Morton bottom -tired) pits ¢ 
7 on 297 24 
‘ + 82 6.28 2 7.27 
= 417 08 79 716 
2 ” 6.06 7.67 42 7.02 
] 4 ” ‘ 2 48 fo 
4 74 + 6.78 
7 2 a a7 
7.14 
| 
* 
| 
Fig fly start powr-to-fimish charge and trock 
7 th spocity of a pit under actual conditions wos xd 
tt tor N 23 and 24 one-way top-tired pits ts | 
‘ 
Fig. 13—influence of start pour-to-finish charge and track 
: ‘ times on the copacity of a pit under actual conditions was 
iT me 
. T plotted for Nos. 3 through 8 regenerative pits 
e nu- 
i ble f The actual figures for the period from May 26 
th the through June 30, 1953 were: total pit time f 14 
harge at pits, 24x36x14 12,096 hr; total number of charges 
} res heated, 1,854; turnover of a charge, 12,096/1,854 
: i t ul prac- 6.52 hr: and number of charges per day per pit 
‘ at sr 24/6 52 
ind dela The coincidence of practical and estimated figures 
t} t cay t ; ately obtained for similar conditions (transfer time, de- 
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Table VI. Soaking Pit Schedule Adopted on the Basis of Experimental Results 


I. Heating Ranges—All) Steels to be Heated With Il. Gas Soak 
out Washing at Specified Temperatures 


Size of Inget Gas Seak, Min* 
1. Amcos and Old Pits Less Sulphur Grades BEU 45 
cr - 2 BED 45 
et Ranges, °F 28x BED 45 
én, 28x45 BED 
2328 to 2350 26x53 BED 
Sto wn 2309 to 2325 All KHT slabs 120 
to & 2275 to 230 
lt 34 2250 to 2275 
81 plus 2225 to 225 * 1—Whe t pour-to-finish charge time er 6 hr, add 
9) Sulpt iS rr to the t es give 
ur Grade 
«+. Suiphur Grades 2—For regenerative and tors ‘ ‘ to the 
Add 25° to the ranges given under No. ! t es give 


Ill. Time Soak and Minimum Time in Pits—For IV. Cooling Data—See Grade Book or Special List 
Additional Information, see Grade Book and for Grades Requiring Cooling 


Special Memoranda 
Pit Tempers 


SP -te-FC,* ture at Charge Maximum Tempers 
Pit Type Time Seak* r oF ture in t Hr, °F 
Bott =ree 2 SP-to-F« 2hr t a 800 210 
Regenerative SP-to-FC 2% zto4 1700 
Top-fired » SP-to-FC hy t 
8 t 2 B k G t exceed 
T i gree stee f t track t the 
time . ast be 2% hr for sma gots and hr for siat ease 
gots 2 and ‘ Black Shu 4 
start pou @nish charge time is over 6 } to 12 SP-to-F« 
pe eae hedule niy 
SP -to-F represents start pour-to-finish charge time * SP-to- Fe epresents start ir-to~f st harege t 
ays) seems to indicate that all constants wers a. . 
established correctly and that the suggested ap- <> qos &S. 


proach can be used for the estimation of the influ- / 
ence of the transfer time and mill delays separately j —| 
on the pit capacity under practical conditior a | na . 
The influence of the start pour-to-finish charge — 
time and of the delays on the pit capac ty is howr f | 
in Figs. 9 and 10 The figures of the graph were 
calculated on the basis of the tart pour-to-finish 7 1 
charge time. In order to switch to track time, it 
can be assumed that it is 30 min shorter for the 
Hamilton Works’ conditions of operation 
The pit capacities of one-way top-fired and re- 
generative pits were estimated in the same way and a 
the results obtained, which check closely with prac- Fig. 14—Influence of delays on the capacity of a pit under 
tical figures. are shown in Table V actual conditions with ao trock time of 3 hr was determined 
tm the of wer for Nos. 3 through 8 regenerative pits 
obtained at a constant transfer time of 3% hr The Conclusions 
ame relationships are shown in Figs. 11 through 14 The current of the bloom mill driving motor ji 
in grapt cal form affected mair by the e of the draft The accel 
Using the tables or graphs, the capacity of ons eration of the motor within its usual limits when 
pit for different time periods as influenced by the teel is between the rolls also influences the current 
track time and/or mill delays can be estimated. The but to a smaller extent 
influence of both variables is cumulative and can A change of the temperature of the pits at the 
be summed when both undergo change mul investigated level (2350°F) w probably be of 
taneously. Their relative importance can be com- nfluence only when it at least 50°F 
pared. The values obtained are close approxima- The following minimum time f is soak f{ “ 
t ns to diffs ent f wctical conditions but hould be norma operat t will er ire i cor tent na 
considered as applicable to an average pit on a long atisfactory plasticit for rolling for 28x35 ir 
term basis ingots, 45 min; for 28x45 ir ngots, 60 min; and 
The figures for the nu of charges per day for 27'2x53 in. ingots, 90 ! 
per pit can be used as a for the assessment Unnecessary tandir if ingots on the line ron 
of the pit production capacity in tons. The average the buggy befor ng should be avoided nee 
weight of a charge under normal operating condi- even an additional 1 to 2 min above the average 
tions during the experimental period should be time has a tendency to decrease the overall plasticity 
established for this purpose. The number of charges of the ingot between the roll 
per day is to a certain degree independent of the The maximum safe drafts for the authors’ condi- 
average charge weight The soaking pit schedule tions (7000 hp motor 22.0 ka maximum) are 
based on the result btained is now in use and is 2 in. for 28x35 in. ingots, 1% in. for 28x45 in. ingot 
shown in Table VI and 1 7/16 in. for 27453 in. ingots. The upper safe 


TRANSACTIONS AIME OCTOBER 1955, JOURNAL OF METALS—I111 


at tho 19 C*e are 


M 
at 

Pick 

wey 

| 

Seat 

rise 


t iralt ma be pushed ip if unnece have to be estimated on the ba of an average 
tr t wit tes etweer the practice 
led. Cor tent drafting at t afe The figure for the total delays in the pit is of 
. t nducive t ncreased | luc- considerable magnitude, but it is absolutely im- 
tior te pe t to eliminate it mpletely. It can be re- 
; f a draftir ecorder has been suggested juced by avoiding mill delays and adapting the 
lt t c- ling schedule (drawing of pits) as far as possible 
: r te tablishment lrafting to the pit schedule (time when pits will be ready 
tur? ex ted n- iraw) rhe estimation of the time soak adapted 
e th juction of the r The re ler w t lifferent pit constructions should give the mill 
tual draft taken, and foreman a better overall picture of when the pit 
re i ead to 
: ed it at Maximum The influence of the track time and delays on the 
‘ mum a ition when steel pe- productior ipacity of the pits was determined by 
1 be ed. A speed at biting each variable separately and their influence wa 
he ‘ i g will eiim- found to be cumulative. The information can be used 
' t fu ad future estimations of econ con leratior 
t \ pits are he production capacity of different pit types in 
‘ t i the steel in the t n be determined on the ba f the weight 
:verage cl e. The correspondence betweer 
ect tea and t il igure Wa good 
tt t ipacit estimatior e valid on a long term 
: ir 4 t nea to the pit are valid for a 
ved fur Btu pe i ft. Should the calorific value 
ip! tr re iiffe nt the ngures A ild have to 
to the new heating conditior althoug! 
tr tre A, ild remain the ame 
t equ rt tice f heatiz pits that are not fully 
1 alter | } to the practically estat hed standard 
re 40 pet the tton surtace covered by tre 
is Tu wit ! ) should be avoided, since it affects the pro- 
time letriment Overcharged pits should be 
‘ the imme eason and also fo yuality 
‘ 
estigation confirmed a previous dé ion 
ir new bottom-fired pits to handle 
is . im tonnage of 2.2 million tons pe eal 
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Technical Note High Nitrogen Cast Austenitic Steels 


RRENT experimental work on the developme 


F. CARLSON, formerly associated with Scientific Laboratory 
Ford Motor Ce s Metallurgical Engineer, Hoskins Manufacturing 
Co. Detroit, and V F ZACKAY. Junior Member AIME, is Senior is emphasized ‘ eed f é elative 
Research Engineer, Scientific Laborotory, Ford Motor Co. Dearborn t nonstrategic castable alloy for service in the 
TN 283E. Manuscript, Apr. 19, 1955 1200° to 1400°F temperature range. Ferritic steel 
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of the 12 pct Cr type are inadequate for service 
above 1100°F. Cobalt and nickel-base alloys, such 
as Haynes 31 and General Motors GMR-235, are 
excellent castable high temperature alloys but ar 
costly and strategic in nature for large scale mass- 
produced applications 


A 


48 


og t 


A long range program is currently 
ducted at the Scientific Laboratory of 
Motor Co. for development of heat-resistant mate- 
rials of low strategic index. As a result of this pro- 
gram, a wrought nickel-free Cr-Mn 
has been developed for pos ible ise 
elevated temperatures. The promising 
behavior of these wrought Cr-Mn-Mo-N 
to an evaluation of their as-cast p 
objective of the cast program was to 
able Cr-Mn-Mo-N alloy having heat- 
erties equivalent to those of ight Ti 
n the 1200° to 1400°F temperature range 
In gener cast austenitic iron-base alloys require 
greate : portior of austenite-forming element 
i Nrougnt a yvs of the same genera 
position. F this reason and for maximum reten- 
tion of nitrogen, the manganese content was held to 
within the range of 16 to 18 pct. Adequate oxida- 
tion re tance n these nickel-free tes equ 
14 to 16 pet ( The hot trengthening effec ol 
nitroge! va the addition of molybds 
A base composition of 16 pct Cr, 18 pct Mn, 2 pct 
Mo, and 0.5 px N was selected 
The istenitk tructure i n-base Cr-Mn-Mo-N 
all metastat etained by apia c¢ 
elevated temperatures Th nonequ t i! phase 
tends t 1EC¢ pose whe! ubjected to the cor eda 
action of the al and mechanical forces. The degre 
of a enit tabilit n ar ven env ent 
n tur! Ose lependent upon the re tive | 
tior f the é -forming element m the ) 
Thus the guiding principle in the a chemist f 
these tee achieve the eatest austenit tu 
ve the ae ed t perature ige tent 
vith the hot strength requirements of the particular 
ervice applicatior 
The « ee] ipt e charactt th {the t © 
t n i6 pet ( 18 pet Mn, 2 pect Me a i} pct N 
ire shown in Fig. 1, on a Larson-Miller plot, wher« 
Fupture te es groted temper ature 
“* 2 ; 1400" 500° 
| 
sor 
40, 
50} 
: 


44 


Fig. 1—Creep-rupture life of the base composition 16 pct Cr 
18 pct Mn-2 pct Mo-'2 pct N are shown on a Lorson-Miller 


plot 
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OO Hr Rupture Life ot Designoted Temperature 
°F 200° 1300" 400° 1500° 
40r 
50 
} 
| 
> 
= 
Ys 
@ Alloy 55 6 Cr 
4 Alloy 54 
34 46 38 40 42 44 
T Of Logt)a 1075 


Fig. 2—Creep-rupture strength of modified base composition 
0.25 pct C phosphorus steel, is shown 


the pub 
mposed 

ipture 


1400 F 
ry 
a 
nate 
To ga 
tic ‘ 
‘ ‘ rit 
‘ 
tainir 
and pho 
ta} , 
fur 
4) 
phoru 
adda 
trer +) 
a 


the it 

at 1250 
me ve 

heer 


have 


ro 


base 


able of 


tures of 


so-called 


or rupture plotted against a paramet 
emperature and time t ipture. For con 
dotted vertical lines defining the 
life at the indicated temperature ine 
ntative vVaiue the ‘ il catt ‘ 
reep-! ipt ire prope tie of co ner ) 
ken 16-25-6 taken evera ource 
hed lite iture areé r a i Dand 
n the La n-Mille plot The ee} 
pa pete trie Dase ct 
CC ire ve witht the 
1 ke 16-25-6 band at parameter valus 
The test re iit f the a ist mat il are 
agent with ‘ Dtained on wrougt 
the arm tio 
n the potent hot strengthen characte 
pt pr is and at the ime time to offset 
te ler a f heat on 
th ‘ irpon (a au n er) 
vere made In these all carbon 
u 1u rune n of hot tre thenu 
the austenite matrix. The excellent cree; 
trengtr f the low carbon (0.25 pct) pr 
ter all . hown in F 2. Furthe 
f carbon 0.50 pet) decrease the hot 
th tee i 4. althoug! ts prope 
t ‘ equivaient t those of wv ight 
6-25-¢ Allo nd 54 were tested i 


rY 


juenched and aged condition (100 hr 
austenitic Mn-Mo-N have 
ated f by le er the 200 
emperature rang base comy ti 
-18 pct Mn-2 pct M pet Nj ed t 
ipture trengt! equivaient t jught 
5-6 in the temperature ted 
Several modified a contain 
arbon and pl phorus exhibited heat 
tis ine th of thy nase 
These high nitrogen steels appear t 
e in view of the need as 
tic material of low trategi« ndex cat 
ce above the u ual operating tempe« : 
best fe tics and below those of th 
peralloy 
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¥ 
=P “seh Fig. 1—Flow diagram of the Orcarb process for agglomerating fine 
\) ores with low temperature coke shows the pilot operation as if is 
's winee 
Aggl ting Fine Sized O ith 
Two processes for agglomerating fine sized ores with low temperature coke are 
described. One process (Orcarb) agglomerates ores with limited amounts of carbon; 
the other (ore-carbon pellets) pelletizes fine sized ores, using low temperature cokes 
as the binder. Dota are presented on the products obtained when taconite, magne- 
tite, and hematite concentrates and several titanium oxide ores were used 
R° ‘ na ment On the othe hand, in practice, an excess of 
over that required in theory is nor- 
Screet es of three iron ores on which the greate: 
, the experimental work was performed are 
\ Table I. Most of the testing was done witl 
Free} t (Renton Mine) coal, but Pittsburgh and 
Elkhorn bed coals were also used 
; Table |. Screen Sizes of Certain tron Ore Concentrates 
Taconite Hematite Magnetite 
Pet Pe Pet Fe Pet Fe 
Ce 
Cume Come me 
; Sereen Size lative lative lative 
Tyler Mesh Pet Pet Pet Pet Pet Pet 
Orcarb Process 
wit! ft ent yw tempe ature COK t vide car- 
was mt shed byw et at he ore 
with ve Kir ind completing 
+) Heat +) rer aica nha pia et tating retort 
The pilot retort, as it is now constituted, is shown 
C.F. LESHER, Member AIME, is Consulting Engineer, Pittsburgh by diagram in Fi l and phot iph, Fig. 2. Ore is 
Discussion of this paper, TP 4058CF. may be sent, 2 copies, to fed into the upper kiln by a s« i it is heated t 
AIME by Dec. 1, 1955. Manuscript, Dec. 8, 1954. Chicago Meeting. 900° to 1100°F by direct flame and it is then dis- 
February 1955 harged into an insulating hopper from which it goes 
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at a predetermined rate into a mixing conveyer 
mixing conveyer at 
The mixture 
externally 


*ulverized coal also goes to the 
a measured rate from another hopper 
is continuously charged into the lower 
heated retort where the operation is completed and 
from which the solid product, Orcarb, as well as tar 
vapor and gas, is continuously withdrawn. The 
process depends upon bringing the fine sized heated 
ore particles into contact with the coking coal in 
such a temperature relationship that the ore is coat- 
ed with low temperature coke before the denser ore 
and lighter weight coal segregate. At first, softened 
bituminous material coats the ore; then the 
sized coated particles will be bonded into 
aggregates if the bituminous material is more than 
ufficient to coat and impregnate the ore particles 

Uni 1] f product, in both size and analysis, 
depends upon charging the coal into coke while it is 
To accomplish this, the 
in the 


finest 


larger 


in contact with the ore 
average temperature of the raw coal and ore 
ust below the softening point 
well mixed and 
where they are 


IS Maintained 


naterials are 
retort 
to complete the car- 


the two 
the revolving 
further heated 


coal 


Table ti. Analyses of Orcorb by Size* 


Sereen Size Mesh Wt Pet Ignition Less 
On Threugh 


is decreased 


This 


the iron percent- 


ess, the percentage of ore 


reased rela- 


ntage of carbon is inc 
shown in Fig. 3 where 
lotted against the carbon percentas 
two different iron ore The 
determined by combu 


anaiysis Ol 


itimate 

analyses of Orcarb 
oncentrates are shown in Table 
1e totals obtained from 

600 lb +60 mesh Orcarb from 
The product that passed the 
recycled. Each 100 lb chars 


approximately 


made from 
Il. These 


the 


produ 


contained 
60 mesh recycle 
3.5 pet. Carbon 


The data 


ximation of the 
product 

ich the ratio of coal to 
recorded in Table III 
table, the granula: 
yrocess is largely within the 

the amount of carbon i 
from 10 to 25 pct as desired 
(Table II} Orcarb contained 
65 wt pct fell in the +20 me 


+6 mesh 


‘ 
which 
sh size 


two-thir f 65 wt pct product was 


TRANSACTIONS AIME 


Table Ili. Screen Sizes and Analyses of Orcarb* 


Size Mesh Series Sertes Sertes 
Tetal Carbon, Pet 

20 5.0 

60x20 


Average 
20 


60x20 
60 


FeO 


Less than 2 pct of the total weight of the Orcarb in 
series 2 and 3 was 

The percentage of carbon in the product is limited 
by certain metallurgical processes, to that required 


these processes introduce process heat 


from sources othe 


+6 mesh 


for reduction 
combustion of carbon 
proce 

independent of that available in the 
oxide I c- 
and titan! 
Orearb w 


than by the 
in the charge. Some examples in which the 
heat applied 
carbon charge are the reduction of zinc 
torts, iron ore in the electri 

um oxide in the chlorination 
the carbor 
requirements. It will 


proce 

requirements and, for some ust 
uitable for use 
reactor, but because of the mall size of the 
will not be litable fe 


is been found to be ar fTic 


meet 
the size 
a fluid 
roduct, it 
tor. Orcarb hi: 

reducing iron in 


r a fixed bed re 
ent ma 
the electric open ar 
furnace 


Ore-Carbon Pellets 


‘ of 


tep in the idy of 


The 


ized ores 


next 
with low temper 
for produci at 
the fixed bed 

control of pr 


limited carbon content 


that 


ust in 


became the 


more coal w ld automat) 


4 


Fig. 2—Orcarb pilot plant is used for agglomerating the ore 
with low temperature coke. On the upper right is the ore pre 
heating kiln; in the center left are the insulated hot ore and 
cool hoppers from which the coal ond ore ore charged to the 
mixing conveyer; and on the left is the charge end of the 
externally heoted retort. The kiln and hoppers are seporotely 
mounted on carriages and can be withdrawn so that the interior 
of the retort can be inspected 
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21.7 45 11.3 
Tetal tren.’ Pet 
45.7 47.9 48.1 
49.5 51.7 3.2 
6 0 at 60.0 
Average 48.0 i2¢ 
Wt, Pet 
20 65.0 19 9 we 
60x20 16.5 ¢ 
60 18 44 
* Orcarb was produced ff t centrates i hig 
ule king 
Ar ses ber of samples f these tests gave 40 t a 
16.0 pet of the tot ron 

immediate] 
bonization of the 

Pet 
104 
¢ est t 
* Tot pie Orcarb weight 3600 ib 
In this pro DRI DID | glomerating fine 
I was t loy 
as the pe Va aeve O} 
tionship a pre cle ized aggre ae tr 
ages are | ra gates actor Thu the 
series of per- objecti part cle 
centages ¢ tion, rather than liscussed pre- 
using the procedu viously. Assuming - 
or coke 
Size distributior 7 TAG 
taconits if 
‘ ‘ 
60 mesh screen w: 
oal, 63 Ib ore, and Total ; 
carbon in the produ in the i 
+60 mesh product was 15.5 pct. in col. A, 
Table Il, covers two-thirds of the total productior 
and that in B. the final third. The figures designated 
re charged 
As indicated 
product of the 
6x60 mesh ra! 
Orcarb may be ‘ae 
Of the series | ert 
yer 21 pct 
an’) q 
te 


= 
2 25 
rer cent 
n the Orcorb process, the percentage of ore is decreased 
percentage of carbon 1s increased The graph shows thes relo 
p tor te res, taconite and magnetite concentrates, and 
wit? 
‘ 
‘ f vat 


Fig 4 
of the 


ore carbon 


Pho tograph 
t the 


pelletiz 


menor 


mg retort was token 


the perotion un 
lood. The retort 


was halted im process 


der 


ond the load allowed 
to cool. The 
solidated charge mix 


vacon 


ture of coking cool 


ond won ore con 
centrotes can be seen 
m the foreground 
The mixture is chang 
mg to pellets im the 
and tormed 
pellets con be seen 
m the bockground ot 
the end 
The curved pipe in 


the upper right con 


center 


discharge 


tamms a thermocouple 
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nae for fine 
ed and hardened by 
The one operatior I 
accompli ned ¢t 
King ce ntima 
| i! Ul ete rt at a t 
I the itening point 
the ete ncrea 
ist as the mixture 
ontinu ana tne 
‘ from feed to d 
are erm ia id pellet 
( ftening and to carry it through the plastic 
ondition t i forn put into the charge throug! 
t tes hell the etort Tar Vat ind ga are 
withorawt irse is the are duced 
The ‘ heated in a direct fired rotary kiln to 
ween 800 und 900°F nd vereda continu- 
t il ited MIX nv t The coal 1 
tinuou to the same 1 The material 
ire wed to rema ne onveve only 
As the n ire ve he “iT con- 
t in average temperatu De vw the soft- 
tem pe ature i the « i ind ed nto one 
na f the ey Vir pe et re et t T S et t 
heated externa ind the ature 
tre nar ge I coa ina I at ich 
it that the coa become I ti i t peing 
i with t? t Pe et e f med and travel 
he tort to the disct e end. Sufficient heat 
o that the tempe tu tne luct 
tr et t and at the discharge end main- 
t it 900° to 950°F ihe pellet ng } ct has 
,ccomplished with ores largely finer than 20 
h and w } ¥ coa hat the istic quall- 
¢} the tea} h or the Freeport beds 
Fig. 4 shows the interior of the pelletizing retort 
where t) mate ; being changed from loose 
‘ bottom) t pellet {t p) To obta this 
pictu the retort w tarted il fashior 
ew harged tl igh tr preheating kiln at the 
ate 2 t ‘ n and then mixed with the coal 
wh } ' fed at the te of 1.2 lh pe mir After 


Fig. 5—The pellets shown here were those discharged before the 
operation wos holted for the photograph in Fig. 4. The rough sur 
toces have been polished and many of the larger pellets have been 
broken during handling through the discharge screw. A large part 
of the —'s in. material in the product con be accounted for by 


obrasion 
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. ss The peripheral speed of the pelletizing drum must 
. be such that it carries the wet charge up Dut not 
} ver the drum. Wet pellets are fragile. Different 
levices and procedures are being used for drying 
nd subsequent hardening, baking, or calcining 
In the procs being discussed, plastic coal is used 
$s 
Fig 
f as th 
45 n id - 
‘ 
—— 


24 30 


HEMATITE MAGNETITE 


Fig. 6—The diagram shows the product sizes of ore-carbon 
pellets produced from fine sized hematite and magnetite ores 
and increasing percentages of coal. The hematite concentrate 
was the largest ore in order of pellet size and the magnetite 
wos next 


denly stopped, the burners shut off, and the unit 


sealed and allowed to cool over night. The retort in 
Fig. 4 was rotating counterclockwise. The loose 
inconsolidated chi een at the bottom of the 
phot apt ind the fir hed pe lets. which are ready 
to be carried up and into the discharge screw, are 
seen at the top. The material in the center, betwe 

the oose charges nd the finished pellets was be- 
tween 2 and 3 in. thick and solid when cold Whe 

the solid mass was examined, it was seen that, wit! 

in 12 to 18 in. from the charge end, pellets were 
being formed in what was evidently a matrix of 
plastic mate l. In the center of the 4 ft long retort 


pellets predominated and beyond that point all the 


materi was n pellet form—at first sufficiently 
piast te ill to mass when cold, but at the i1s- 
cl 1 cor ed i separate pellet 
Before the retort was stopped for the photograph 
shown in Fig. 4, the screen analysis of the product 
already discharged (Fig. 5) was: 27.4 pct 1x12 in 
43.7 pct ‘xl in., 16.3 pet 4x in., 4.4 pet 4 mesh 


by %% in., 0.7 pet 6x4 mesh, and 7.5 pct 6 mesh 


The pellet product consists of generally rounded 
particles, the average size of which depends upon 
tre re partick ize and the relative amount of coal 
in the chargé The size distribution of pe llet made 
from four different ores pelletized with increasing 
: entage f coa e shown in Figs. 6 and 7. The 
effect of re partich ze on } oduct size as increas- 
ing percentages Of coai are use iis brought out more 


clearly in Fig. 8. In this diagram, the weight percent 


f 4 in. pellet product produced from each ore 
elated to the amount of coal charged with the ore 


The increase in size is more or less directly propor- 
tional to the amount of coal used: the coarsest ore 
hows 20 to 25 pct more 44 in. product than the 
finest. The weighted average size of the pellet prod- 
ict ve 6 me varies fr about 0.275 to 0.5 in 
Except for the coarsest ore tested, the weighted 


in the range of 0.3 


average sizes of +6 mesh fa 


Undersize pellets may be recycled. In the tests 
that have been made on the recycled material, it ha 
been found that. although a 6 mesh material i 
much larger than the ore, there is no corresponding 

ai? t juct partick ze No doubt this is due 
to the porosity of the recycled material, since it re- 
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PLUS 


PER CENT COAL 
TACONITE SLA 
Fig. 7—The product sizes of ore-carbon pellets produced trom tine 
sized taconite ore and slag and increasing percentages of coo! are 
shown in the diogram. Of the four moterials shown in Figs. 6 and 7 
the toconite concentrates were the finest in particle size The 
ilmenite furnace slags were larger than the taconite but smaller 
than the hematite (lorgest) and magnetite (second in size 


quires more binder than denser and finer sized ore 
This condition can be corrected by pulverizing the 
material to be recycled The bulk density of the 


pellet product made from —6 mesh recycle was 46 
lb per cu ft, as compared with 66 Ib for product 
made from ore, bulk density of which was 117 It 


Analyses 


Analysis of the low temperature coke in the as 


glomerated products has been calculated from the 
analyses of agglomerates made m an oxide ‘ 

itile) that is neither oxidized nor juced durit 
processing. The results presented in Table IV fi 
two tests were derived by first cal ting to n 
ture-free and ash-free base and then adjusting to 
the basis of 6 pet ash coke 

Physical Properties of Pellets 

It would be desirable, of course, to compare the 
physical strength of the pellets with othe zed 
material of like nature n the way in which coke 

| 
80} y 


= 
z 
ad 4 


PER Cont 
Fig. 8—Iin the diagram, the four ores of Figs. 6 and 7 are com 
pared with respect to pellet size, with the addition of dota 
from tests with rutile. H stands for hematite concentrates; M 
magnetite concentrates; R, rutile; 5S, ilmenite furnace slags; 
and T, taconite concentrotes 
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stt ind tuml ests and fus lid not shatter, crumble, or disintegrate. No break- 


} erated j lown in size resulted after samples of ore-carbon 
t ‘ Ta te ellet fte i ' nd pellets were heated to 1700°F in closed cast iron 
bak f ) in vert haft pots. The only effect of such treatment seemed to 
t : : f t et be hardening of the pellets and, of course, reduction 
t t test he device used { n the volatile matter content 
test f furnace coke Tests have been made and are continuing on the 
ise of these pellets, manufactured from rutile and 
nite ores, in chlorination fixed bed processes 
Table |V. Analysis of Low Temperature Coke in the The information that is available shows that the 
Agglomerated Products ellets are well formed, strong, and readily 
hlorinated 
Teast Neo. ite Test Ne ” Summary 
and Acb-Pree Dry Dry Ore concentrates are pelletized, using low tem- 
perature coke as a binder. Fine sized preheated or 
nd pulverized coking coal are rolled to pellet form 
24 ind hardened continuously in a rotating externally 
heated retort. The carbon in the product may be 
ea i Ride iried from 25 to more than 40 pct. With a given 
pe t tumble e, the pellet product size increases as the amount 
The pel- of carbor increased. These pellets are adapted for 
t led xide reduction in fixed bed reactors and buried ar 
mt I electric furnaces 
\ft lification, they are a By another process, a product called Orcarb 
i be I made trom re concentrates or caicines in this 
} s in. i proce the ore particles are coated with a prede- 
f th mi termined and limited amount of carbon (in the 
range of 10 to 25 pct), and the product used is large- 
Temperature Susceptibility 10 sed 68 mash Oreark suitable { 
! t elle! e in fluid bed reactors, open arc electric furnaces 
‘ Ke th perations in which the process heat 
u xternally apt lied 
lake 
‘ vidence ¢ Discussion of this paper, if any, will appear in 
ni ° thar JOURNAL OF METALS, November 1956, and in AIME 
‘biect. Metals Branch Transactions, Vol. 206, 1956 
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Preparation of High Purity ZrCl. from Alkali Chlorozirconates 


High purity ZrCl, (25 to 200 ppm of metallic impurities) can be readily prepared 
in simple apporatus by thermal decomposition of alkali chlorozirconate fused salts 
at 500° to 600°C and at atmospheric pressure. Suggested phase diagrams for the 
systems NoC!l-ZrCl, and KCI-ZrCl, are presented 


LA nat tior magnesium alloy Zirconium refines the grain size 


and improve e physical properti f mar - 

the tant ignesiulr / vs. In the courss f working 

i t with chlorozirconate compositions of high ZrCl 

R. V. HORRIGAN is Research Investigator, Titeniem Alloy Monu content, it was noticed that these salts decompose a 

fecturing Div, Notional Lead Co, Niegera Falls, N. Y progressively with increasing temperature to yield 
Discussion of this poper, TP 4096D, may be sent. 2 copies, to considerable amounts of a ZrCl ublimate of higt 
AIME by Dec. |, 1955. Manuscript, Dec 22, 1954. Chicago Meet purity together with a solid chlorozirconate re fue 
ing, February 1955 Furthe esearch led t l mt VE ents tr 
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Fig. 1—Suggested phase diagram is presented for the system 
NoCl-Zr, and was constructed from the author's data and those 
of Howell et al.’ and Kroll et al 


yield and purity of the ZrCl, product, 2—deter- 
mination of the optimum composition of the salt 


It was also found 


and 3—refinements in apparatus 
that the residue salt could be remelted with addi- 
tional crude ZrCl,, thus making possible a cyclic 


process for purification of impure ZrCl, 


Phase Diagrams 

The probable phase diagram for the sys 
ZrCl, is presented in Fig. 1. This diagram is based 
partly on data developed by the author but prin- 
cipally on the data of Howell et al.’ and the data of 
Kroll et al.” The earlier work of Belozerski and 
Kucherenko,” which 
390°, 220°, and 162°C, is believed to be in erro: 
The melting point for pure ZrCl, is given as 437°C 
the calculated melting point for this compound 
Actually, ZrCl, sublimes at 331°C at 1 atm pressure 
The diagram shows that the lowest eutectic point 
314°C, occurs at 62.4 mol pct (86.9 wt pct) ZrCl, 


sublimes at 331°C, it is desirable in 


placed the three eutectics at 


the manufacture of chlorozirconate compositions of 
h (70 to 90 wt pet) ZrCl, content to use the pro- 
alkali metal chloride and ZrCl, 
will melt at the lowest possible temperature 
research at the National Lead Co 
centered around a 50-50 by weight mixture of NaCl 
and KCl, with which varying amounts of ZrCl, were 
in this system, a com- 


which 
Ear iy 


laboratory was 


portion of 


melted. The lowest eutectic 
ym containing 75.0 wt pct ZrCl, was found to 
at 240°C. From 75 down to 65 wt pct ZrCl, 
melting point did not exceed about 260°C, but 


at 50 wt pet ZrCl, (the approximate composition o 


one of the chlorozirconate products which has been 


Table |. Typical Yields of High Purity ZrCl, by Thermal Decom 


position of 88 pct ZrCl,-12 pct KCi Fused Solt 


Decomposition Time at Vield eof ZrCi, 
Temperature Temperatere, Parts per 100 Parts 
ur Fused Salt 
2 
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used commercially), the melting point jumps to 
580°C; this sudden rise in melting point indicates 
a compound similar to 4NaC1l-ZrCl, 

A tentative phase diagram for the system KCl- 
ZrCl, is presented in Fig. 2. The compound 4KCl- 
ZrCl, (44.1 wt pet ZrCl,), which is approximately 
the composition of another: 
ate product, melts at about 620°C 
the lowest eutectic 
215°C and occurs at 88.0 wt pct ZrClL. The existence 
of the compound KC1-ZrCl, is suggested by the data 


which indicate the presence of three eutectics. The 


commercial chlorozircon- 
In this system, 


composition melts at about 


exact compositions of the first two eutectics have 


not yet been determined 


Thermal Decomposition of Alkali Chlorozirconates 
Alkali chlor 
of about 70 to 90 wt pct ZrCl, decon pose readily at 


rconate compositions in the range 


temperatures above their melting points to yield a 
high purity ZrCl, sublimate and a solid residue con 
taining less ZrCl, than the original composition. In 
particular, the eutectic fused salt containing 88 wt 
pet ZrCl, and 12 wt pet KCl can be easily and eft 

ciently prepared because of its relative low t 

ing point (215°C) with respect to the sublimation 
temperature of ZrCl, (331°C). In additior word 
vields of high purity ZrCl, are recovered by heating 
this fused salt composition for comparativel’s hort 
times to 500°C or above. Table I gives typical ZrC] 
vields for decomposition of this fused salt compo 
sition at various temperature The residue cl ro 
zirconate composition, depending on the decompe 


tion temperature and decompo 


was found to contain about 65 to 70 wt pct ZrC It 


was found feasible t euse tl esidue by remelt 

ing it with the proper amount of crude ZrCl, to re 

turn the composition of the molten salt to about 88 
wt pet ZrCl, and then to proceed with the prepara 
tion of more high purity ZrCl,.. It estimated that 
uch recycling of the re jue chlorozirconate could 
be continued for about 50 to 100 cycles (depending 
on the quality of the ZrCl, to be purified) befors 


the trapped impurities would be raised to the point 
where the purity of the Zr iblimate would begin 


to be affected 


| 26 
“Te 
| 
4 


Fig. 2—Suggested phase diagrom is presented for the system 
KCI-ZrCi, 
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means of collecting the high purity ZrCl, sublir 


A fused silica tube > in. diam and closed at the 
, a bottom, is placed in a resistance wire-wound fur- 
: ; nace capable of raising the temperature of the tube 
v7 Fig. 3—Sectional view ntents to 700°C. The top of the lica tube is level 
i shows the apporotus th the top of the furnace er. The mixed alka 
. used for the prep chloride and ZrCl, salts are placed in the tube and 
——— » aration and decom melted at the desired temperature. When all the j 
f 4 position of the alkali tube contents are molten, a 5 in. diam cylinder of 


chlorozirconate salts fi i silica which has been careft 
This equipment also : on 
provided a means of 
collecting the high 


gree 


purity sub the nder fit close togetner and are heid in 
lamate piace by tying with asbest cord. A close-fitting 
tra te cove place 1on tor the nder 
— ten chi conate then decomposed 
’ ising the te erature the sth bout 
i 10°C for lto2t juring which time the apparatu 
inde tive pre ire f ZrCl, vapor Ihe 
at ‘ higt ty Zr‘ product the m of a large f 
j I! ect as a a c! ta e ma on wt if 
al f the a cooled | ondens¢ Re 
‘ the condense A ght ar t 
‘ face natior the product t t ‘ 
ed the talilne na 
Proposed Mechanism for the Observed Purification 
of ZrCl 
Crude Zrt usually contaminated with both 
tile 1 1 tile impurit Except fi in- 
' tule impurities can be eliminated it ation 
f the crude Zr( Howeve volat contar nt 
h as Fet A sic ri and othe - 
t te re yt i I tre 
1u It I Dabie that trie 
t Apporatus for Thermal Decomposition of Alkali eaction of the alkali chloride and the ZrCl, to f 
Chlorozirconates the ' } zirconate t. most of the SiC ind 
t } I mpurit list ff while the Fe¢ AIC] 
the etal chk mpu Lie forr table 
i ! ie double ts. The presence of 
ture w ourse, make these metal c! ie 
ich P tile During t} mi 
Table Typical Spectrograph Anolyses of Crude and Hydrogen ft the onat a the olten Dat! erve 
Sublemed Zrt Compored with Zn Prepared by Thermal Decom the tw 1 purt ‘ f pl Ca trap} ng the r 
sith of 88 KC Fused Sait" it tte al | ‘ naing tr ‘ eta 
tie whict in form alk 
Typical Fused alt the mec? nis ‘ ed 
med that re ts in tne bserved high purit f the Zr¢ 
Acknowledgment 
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: Applied Che 


It was observed that chromized coatings on low carbon steel could be embrittled 
by cooling slowly through the 475°C range. A higher chromium coating was more 
susceptible to embrittlement than a lower chromium coating. Coating structure and 
composition could be correlated with the chromizing process and prior carbon content 


of the steel. 


| was recently observed that during the fabrica- 
tion of rectangular tubings made with chromized 
thin gage 1010 steel, a high percentage of these parts 
were fractured readily in a brittle manner under the 
light Ensuing in- 
vestigation indicated the cause for such brittle fail- 
ures to be the so-called 475°C embrittlement of the 
The experimental work and 
results are briefly reported 

Rectangular sections of normalized AISI 
C1010 steel, which had a cross-section of 0.5x1.5 in 
and a wall thickness of 0.030 in., were chromized to 
yield coatings having several ranges of thickness, 
varying from 0.0005 to 0.002 in. Essentially, the 
chromizing process is similar to that described by 
Samuel and Lockington,’ which consists of heating 
the parts in a sealed container at about 955°C for 4 
hr in intimate contact with a chromizing mixture* 


impact-forming load employed 


chromized coatings 


tube 


* The nixture minally contains 65 pct ferrochrome 0 to 70 
t Cr 1 pet I, 0.25 pct ammoniur xdide, and the belance ur 


hed K 


in a reducing atmosphere. The slowly 
cooled to near room temperature in the same atmos- 


parts are 


phere before discharge 

A simple hammer test was adopted for testing the 
prepared samples. This method 
involved striking light hammer blows at 
areas of the sample, the force of each blow being 
complete flattening of the area 
Out of 45 samples prepared for the study 


brittleness of the 


several 


sufficient to 
tested 
and tested, 13 cracked readily at each test area and 
the rest were flattened in a ductile manner with- 
out cracking. The former were classified as brittle 
samples and the latter as tough. Thus, two groups 
of contrasting physical behavior were available for 
study. A representative sample of each 
shown in Fig. 1 with an undeformed sample fo: 
comparison 

Two other tests for brittleness were also at- 
tempted. The first involved slowly flattening the 


type is 


W. L. CHU is associoted with Transformer Laboratories Dept. 
General Electric Co., Pittsfield, Mass 

Discussion of this paper, TP 4113E, moy be sent, 2 copies, to 
AIME by Jon. 1, 1956. Manuscript, Mor. 10, 1955. Philadelphia 
Meeting, October 1955 
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475°C Embrittlement of Chromized Coatings On 
Low Carbon Steel 


Fig. |1—Two groups of chromized samples of contrasting physical 
behovior were available for study; an undeformed sample is shown 
for comporison. o—Chromized somple before hammer test. b— 
A tough chromized sample after testing c—A brittle chromized 
sample after testing 


samples in a hydraulic press, and the other em- 
ployed a simple beam bending test of the flat side 
of the tubing walls. Neither, however, was able to 


differentiate the relative brittleness f sample 


known to include both the brittle and tough types, 
since the impact-brittle sample were found to de- 
form readily in a manner similar to the tough one 
Both the tough and brittle sarhples were studied 
by reflection microscopy. Observation showed that 
the microstructures of the steel cores were similar 
in content and distribution of inclusions as well as 
in the ferritic grain size. Result f Filar micrometer 
measurement howed that coating thicknessest of 
ni ting thickness refers to the distance f the srface to the 
nterface where the c? 4 content is apt } 
the brittle sampl averaged 0.0007 whereas 
those of the tough samples averaged 0.0016 in. The 


micrographs of Fig. 2 illustrate the structural differ- 
ences between coatings of both types of samples 
By dissolving the steel cores in nitric acid, coat- 
ings of both the brittle and tough 
isolated. Simple bending tests showed that coating 
of the brittle samples cracked readily at about 90 
could be 


amples were 


bend, whereas those of the tough sample 
bent nearly 180 
well as the steel cores were analyzed for carbon and 


without cracking. The coatings as 
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o— Structure of tough 


chromium contents. The light etching constituents 
ul rm f the brittle coatings were extracted and somple consists of 
: analyzed for the two elements. The results ar light etching outer 
layer, the  ferritic 
2808 4 grains of Cr-Fe alloy 
lt wa ispected that the impact Drittiene with some intergran- 
the imple was associated with the rittse ular constituents, and 
the atings and quite probably with the 475 C em- ——— the interfacial zone 
brittlement of the coating juring the chromizing between the coating 
pera . Thu heat treatments were in which and the steel core 
were beleved give inf ation of an enlightening 
ature sect f the brittle samples were heat- 
treated at 700°C for 30 min in a dry hydrogen at- b—Structure of brit- 
phere and were cooled at an average rate of tle sample consists 
25°C per min through the 475°C range. Subsequent of the outer layer, 
test showed that the samples were con- the ferritic grains 
ierat toughened and could be flattened without with greater amount 
< 4 of intergranular con 
cr eneating ¢ ior min and 
. t} h the i range at an average rat 
16 ‘6 b interfacial layer 
fo4 per min, the ample were found to regain 
es nal pact brittlene Examination by Fig. 2—Micrographs of chromized coatings of brittle and tough 
e of the samples after each treatment re- samples are shown to illustrate the structural difference between 
tural changes at magnifications up to the two types. Samples were etched with Marble’s reagent. X1000 
Area reduced approximately 55 pct for reproduction 
Wher he tlougn sampies were ubjected LO 
¥ cooling treatment their impact- d: the 
- sample, the embrittled coating is first fractured; then 
ether unafi te an 
. vior was altogether unaffected and the cracks propagate through the otherwise tough 
igh throughout the hammer te teel core, resulting in complete fracture of the 
sample 
eames Compared to the tough coatings, the brittle coat- 
Table |. Analyses of Brittle and Tough Chromized Samples ings are thinner, richer in chromium content, and 
contain greater amount of the light etching con- 
Im pect stituent Coating thickness is closely related to the 
sample ‘ Perticna 
Groep ‘tevtette naniyecd Pet ¢ Pet Cr Pet Fe chromium content of the coating and prior carbon 
content of the steel. The growth of the coating 
‘ luring chromizing is much influenced by the sur- 
face reactions and subsequent diffusion rates. Higher 
carbon content in the steel would result in formation 
. 24° Balance 
of more carbides and, hence, a more effective diffu- 
on barrier. Retardation of diffusion of the chrom- 
' 1% Balance im atoms due to the carbide barrier in turn results 
in a thinner coating of higher chromium concentra- 
—— tion 
' sift (and Heat treatment results show that the higher 
‘ rect of Turthe a 
; tent chromium coatings are readily susceptible to em- 
iveTta rT Art con 1 
at brittlement by slow cooling through the embrittling 
(Vali 
range; whereas the lower chromium coatings are 
;, . oh little affected, if any, by a similar treatment. This 
ect ‘ npie we ita 
ee ‘ o in line with the observations of other investigators 
‘ i hydrogs he following 
in their study of Cr-Fe alloys.” Thus, if diffusion in 
an 20 it 1). 60 izv 
‘ a nonchromizing atmosphere is resumed, the result- 
ar st 1000°¢ ana 3U min 
ing growth of coating thickness and a lowering of 
Wate ‘ h f ed each treatment 
the chromium concentration should reduce the 
\ eX at 1 that neat treat- 
4 120 susceptibility to embrittlement. This is well demon- 
. oan trated by the experimental results 
hange in either micro- on 
+ tines How The outer layer and light etching constituents are 
e coatlngs we 
ies beueved to be principally a mixture of chromium 
eat eased the coating 
P ‘ , " and iron carbides on the basis of analytical results 
iho 5 ‘ These carbides are apparently not associated with 
ating tructure, the mos 
, the mechanism of embrittlement, as evidenced by 
the | ippearance of the 
precipitate ind the intergranular 
ia ed ¢ wth of the colum- Fig. 3 — Micrograph 
ee Fiy ihe 1150°C treated samples shows the chromized 2 
' eheated t 00°C f 30 min and slowly coating of the brittle : 
t} h the 4 C range Hammer tests sample of Fig. 2b . C 
es were tough after heot treatment 
The for g results indicate that the impact ot 1150°C for 30 ’ 
h n 
ttle ‘ ertall chron ea iow carbon steei = ydroge 
Note the absence of 
arts wei jue to embrittlement of the chromized 
the outer loyer and 
i gs when tne | we ws ed through the intergranular 
e¢ : ange ; . at the end of the constituent. The interfacial zone is better resolved ond appears to 
" ng proc It irmised that, under im- be multiloyered. Etched with Marble’s reagent. X1000. Areo re- 
act ding and the mechanical restraint of the duced approxmately 55 pct for reproduction 
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their retention in various parts of the coating after 
the 700°C treatment and removal of brittleness that 
followed. According to Fisher, Dulis, and Carroll,” 
the so-called 475°C embrittlement of ferritic Cr-Fe 
alloys is accompanied by the precipitation of a 
chromium-rich ferrite phase, probably coherent with 
the matrix. The presence of this phase may be mani- 
fested by a darkening of the matrix under reflection 
However, in the present study, such a 
darkening effect was not noted 

Formation of the outer layer is believed to be 
associated with both the carbon content of the steel 
core and the time-temperature relationship of the 
chromizing process employed. While diffusion is 
retarded by formation of carbide, the reduction re- 
action on the surface is not so affected. This situa- 
tion then leads to accumulation of chromium and 
carbon on the surface and, hence, the layer of mixed 
carbides. Since the retarding effect of carbide on 


microscope 


diffusion rate is enhanced by lower temperature, it 
is believed that most of the build-up of this outer 
layer took place during the early part of slow cool- 
ing from the chromizing temperature 
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Solubility and Density of Hydrated Aluminas in NaOH Solutions 


Solubilities and densities are reported for alumina hydrates in NaOH solutions under 


the conditions of the Bayer process employed to purify alumina for aluminum produc- 
tion. The equilibrium constants for reactions to form AlO. accurately correlate the 
effects of NaOH concentration on the solubilities; the temperature coefficients of the 
equilibria lead to heats of solution of 7.34, 4.76, and 5.24 kcal for the « trihydrate, « 
monohydrate, and § trihydrate, respectively. Moderate calcination does not change 
the solubility of the a trihydrate but increases that of the « monohydrate. At solution 
temperatures above 100°C, the trihydrates transform rapidly to « monohydrate. Hydro- 
thermally produced « monohydrate is the stable phase above 20°C. 


CE of the aluminum industry, the 
Bayer process for alumina production is based 
on the diffs solubility of hydrated alumina 
in NaOH solutions between 170° and 40°C. Solu- 
bilities and densities in this system were determined 
thirty years ago by M. Tosterud’ under the direction 
of J. D. Edwards and C. S. Taylor. The solubility 
data, which still appear more concordant than those 
in the literature, are employed to sort out the com- 
plex equilibria in this system 

The nomenclature for the alumina hydrates is 
that presented in The Aluminum Industry* and more 
recently summarized in Alumina Properties.’ a tri- 
hydrate is the purified phase analogous to gibbsite, 
« monohydrate is similarly akin to boehmite, and 8 
trihydrate is sometimes known as bayerite 


‘rence in 


Literature 
Goudriaan* reviewed the literature on alu- 
NaOH solutions and presented data on the 
The gel pre- 
chloride with 


early 
mina in 
solubility at 30°C of several forms 
cipitated from aluminum sulphate or 


A. S. RUSSELL, J. D. EDWARDS, and C. S. TAYLOR ore associ- 
oted with Aluminum Research Laborotories, Aluminum Co. of 
America, New Kensington, Po 

Discussion of this paper, TP 4027D, may be sent, 2 copies, to 
AIME by Dec. 1, 1955. Manuscript, Nov. 26, 1954. Chicago Meet- 
ing, February 1955 
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to 140°C had the high- 
unstable, its solubility being 
NaOH. The 


ammonia and dried at 130 
est solubility but was 
cut to one-tenth on standing in 
bility of the gel was decreased one-third on cal- 
cination at 300° to 400°C 
transformed in NaOH at 


crystalline trihydrate was 


} 


while that f the gel 
room temperature to a 
inchar ged on calcina- 
tion. The preparation produced by slow hydrolysi 
of sodium aluminate solution with CO, in the au 
gave solubilities in rough agreement with 
values for a trihydrate. The solubility of thi 
was increased slightly by the calcination 

Fricke and Jucaitis® extended the work to 30° and 


é 
» trihydrate. They also gave 


late! 


form 


60°C with olubilitic 

for 8 trihydrate (bayerite b), although the residue 
belonging to the left branch of the ibility « ve 
corresponded to a trihydrate. The residues at high 
NaOH concentration were mono and trisodiun 
aluminates, the latter being 3Na,0-Al,O,-6H,O 


Solubilities of a trihydrate at 95°C and of a mono- 


hydrate at 150° and 200°C come from the work of 
Magarchak.* a trihydrate transformed to «a mono 
hydrate above 95°C 

A few measurement n the solubility at 25°C of 
an alumina trihydrate prepared by w hydroly 
of NaAlO, solutions were presented by Sprauer and 
Pearce.” Their analyses showed the monosodium alu 


minate to have the composition Na,O-Al,O,-2.5H,O 
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“3 
= 


5 
te 


Fig 1—Diagram 
shows steel bomb and 
sompling device used 


94°C from parallel experiments in which the alu- 
mina concentration was both lower and higher (with 
eed a trihydrate to induce crystallization) than the 


ylubilit mit. Three days were required for ad- 
ustment of the solutions to their final states. The 
on ignition of the solid residue at 100°C was 


that of a trihydrate, but at the higher temperatures 
» monohydrate 

Tomonari” calculated the equilibrium constant K 
! solubility reaction as 0.1 not 
tated) for commercial trihydrate in NaOH solution 


(temperature 


from the relation 


a Concentration of NaAlO, ) 
\ Concentration of free caustic sod: 


Vapor pressure of solution ) 


Vapor pressure of water / 
Tomonari’s presentation prevents exact comparison 
but nh values agree roughly with those of other 
workel! Herrmann” reported a few solubility de- 


Table |. Density, Solubility, and Equilibrium Constant of « Trihydrate in NaOH Solutions 


» Alo oun Cols Den AIO ou Cols 
Equive- Equiva- 7 sity Equiva- Equiva- (5) (7)* 
‘ ents ents Activ Na ALO AlLOy tents lents Activ 
“ Gp Gp se peri perl ty per MI Gpl Na O pert pert ity 6) 
Temperature “4 79 60 8 1.19 1.36 0.91 0.72 
91 72.2 142 1.52 0.88 0.74 
‘ 202 1.96 181 77 
‘ ” 24 4 28 2.51 2.09 ».80 0.76 
‘ a) 207 4.06 2.33 7 0 86 
‘ 2 24 284 5.55 2.19 62 0 96 
110°C Temperature for 5 Hr’ 
‘ 2 2 as 0.87 1.17 | 092 
‘ 48 0.87 7 0.91 0.95 
58 49 78 88 4 0 88 ) 89 
rt Temperate on ir 8 81 90 1.57 0.88 0.93 
20¢ 2.15 0 98 
4 
4 120°C Temperature for 3 Hr 
arc perature for 168 Hr 2e ‘ 63 0.93 1.24 0 95 092 
4 82 78 0.96 154 1.11 0.90 
2 149 8 2.95 1.53 Om 
4 v2 2 12 458 164 0.71 
190°C Temperatere for ! Hr 
219 68 a9 01 0 0.92 Ls 
14 7 5 oO 0.91 1.47 
Temperature fer $4 88 8 0 090 155 
6 48 92 1.05 1 0.89 1.41 
12 1.12 l a7 1.62 
214 27 2 ! 0.85 14 
4 4 61 2 1.78 
69 73 1 O64 143 0.79 92 1.5 
4 91 1.128 1.78 83 18 
2 2 136 21% 2.66 0 85 2.0 
Temperature for Mr 
150°C Temperature for Hr 
‘ 73 11 i” 0.69 18 
4 47 75 84 12 1.65 77 18 
‘2 58 81 16 0.77 0.90 2.0 
‘ ‘ 67 87 1.98 08 0.89 19 
‘ 2 ‘4 26 25 248 78 87 24 
222 41 27 2.77 0 8&2 85 25 
Temperate fer Hr 29 168 29 0a7 082 26 
ae 140°C Temperature for 1/3 Hr 
" 2 67 ? 1.12% 147 92 8 
4 124) 95 om oe 25 
+4 
a4 ? 170°C Temperature fer 1/3 Hr’ 
Temperatere for Hr 4 2 57 50 #2 2.7 
06 2 207 051 090 
99 a Bit a6 29 2.18 0 6 as 29 
97 7 24 243 0.77 0.87 24 
92 0.7 222 109 295 0 57 0.85 38 
» ty wae slated 
. . " tted from Fig for arity 
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Bauermeister® and Bauerineister and Fulda’ pub- 
lished ibilities for a trihydrate between 74 nd 
- 
Jae 
= 


terminations in his consideration of the rate of this 
reaction 
Experimental Methods 

An excess of hydrated alumina was added to 50 
ml of NaOH solution in a 110 m! steel bomb, which 
was sealed by a silver gasket, Fig. 1. Four of these 
bombs were rotated from 5 min to 2 months in an 
oil bath controlled to 0.2°C. Above 100°C, where 
the transformation of trihydrate into monohydrate 
becomes rapid, the change of alumina content of the 
solution was followed by sampling, Fig. 1, at short 
intervals of time (for example, every 5 min at 
170°C); at temperatures, intervals 
were employed. After the 
rapidly cooled. The cooling had no large 
the amount of alumina held in solution if the sample 
was not allowed to stand for any length of 
time, as is shown by the following percentages of 


lower longer 
mixing, the bombs were 


effect on 


great 


ALO, that resulted from various cooling times: 15 
min, 3.892 pct; 30 min, 3.904 pct; and 60 min, 3.908 


pet 

The weighed 2 to 5 ml filtered sample was diluted 
to 200 ml, acidified with HCl, heated just to boiling, 
and dilute NH,OH added dropwise until methyl red 
changed to a distinct The solution was 
boiled for 2 min, filtered, and the precipitate 
thoroughly 5 pct NH,Cl. The alumina was 
next dissolved with HCl, reprecipitated, filtered 
and washed as before, dried, and ignited to constant 
weight 

The NaOH concentration 
other sample by titrating the 
standard HC! until the color of phenolphthalein was 
discharged. The concentrations are for the final 
equilibrium solutions and are lower than for the 
initial solutions because of dilution by water evolved 
from the hydrated alumina. This titration, of course 
gives both the free caustic and that which was con 


yellow 
washed 
with hot 


was determined on an- 


boiling solution with 


bined with the alumina 

The densities were determined for the less viscous 
solutions by weighing a platinum cylinder of known 
in the liquid sample; for 
employed 


mass and volurne more 
viscous solutions, a 
Values originally measured at a known room tem- 
perature were converted to 25°C by an equation 
shown later 


pycnometer was 


41,0, /Ne,0, Gams PER LITER 


200 2400 «02800 00s 
PEP LITER 


“0 20 


Fig. 2—Solubilities of a trihydrate in NaOH solutions ore plotted in 
comporison with the literature values. Closed triangle represents 
data of Gouwdricen’ ot 30°C; square, Fricke and Jucaitis’ at 30° 
ond 60°C; open triangle, Magarchok” at 95°C; diamond, Spraver 
and Pearce’ ot 25°C; closed circle, Bowermeister’ ot 74°, 79°, 84°, 
89°, 94°, and 100°C; open circle, Herrmann” at 30°, 35°, 40°, 46°, 
and 100°C; ond plus, the authors’ work 
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Table tl. Influence of Variables on Time Required for 85 Pct 
Transformation of a Trihydrote to «a Monohydrate, Judged by Loss 
on Ignition of Residue 


Hr fer &5 Pet Conversion 
Na.O Concentra- 


tien, Gpl 
124 6. 0.75 
93 10 0 


Stick NaOH was purified from alcohol and freed 


from carbonate by the addition of the requisit 
amount of Ba(OH) The a trihydrate was th 
regular commercial product washed to free it from 
excess soda. The a monohydrate was prepared by 
digesting the trihydrate in 77.5 g Na,O per | for 
5 hr at 170°C. The solid was filtered off, washed 
with hot water, and dried at 105°C. This gave a 
uniform product which showed loss on ignition of 


about 17 pct, compared to the theoretical value of 
15.0 pct. To prepare 8 trihydrate, the a trihydrate 
was dissolved in hot 10 pect NaOH solution, pre- 
cipitated by passing CO, into the hot filtered, 
agitated repeatedly in distilled water until the wash 


and dried in 


olutior 
water was practically neutral, filtered 
air at 105°C 
the ones which wouk 


These procedures are not necessarily 
i be prefe rred today for prep- 


aration and analysis of these phases 


Experimental Results 
In Table I are shown the 
amounts of a trihydrate dissolved from 


densities and maximum 
40° to 170°¢ 


with solutions containing up to 200 g Na,O per |. At 
temperatures below 100°C, the rate of transforma 
tion of trihydrate to the le Oluble monohydrate 
is slow, and fairly accurate values for the solubilit 
could be obtained. At higher temperature ample 


were taken at short interval (every 5 min 
at 170°C) 


It will be evident later that the resu 


were recorded 
Its above 120°C 


ind the maximum value 


are probably below the true solubiliti The solu- 
bilities expressed in the weight ratio Al,O,/Na,O 
eve plotted in Fig. 2 in comparison with the litera- 
ture value Table also shows that long times are 
required for equilibrium at the lower temperature 
The final value for lubility at 100°C and 77.5 g 
Na,O per | is identical for 80 to 200 mesh and 
“through 200 mesh amples of a trihydrate se; 
arated by screening from the commercial hydrate 
‘ 


z 
sof 
. 
a 
2} 


we, eer ree 


Fig. 3—Solubilities of « monohydrate in NaOH solutions are plotted 
in comparison with the literature values. Open circle represents the 
dota of Magarchok” ot 150°C; triangle, Magarchok” ot 200°C; 
closed circle, Bauermeister and Fulda;” and plus, the authors’ work 
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ae 
A 
re 


aithoug the ate of solution somewhat faste for 
thre 
he ate f change of a trihydrate int ' 
hydrate eases both with temperature ar wit! 
trer f the NaOH solutior The infl e of 
hus able on the time equired f 5 pet 
tral ition in a bomb (judged - 
t f the residue) given by the expe ent 
ed in Table HU 
j f alumina in Na,CO, 
O 0.18 pet ALO iived whe ar 
uCE f tril ate agitated in 100 g Na,CO 
pe s ternperature of 90°C for 48! The id 
t 40 to 95 Na.CO, pe 1 at 90°< f 60 
t 9 Na.CO, per ut 150°C has n isurabie 
VFect thre if lit of t nyar ate 
Table til. Density, Solubility, ond Equilibrium Constant of 


a Monohydrate in NaOH Solutions 


Dee Alo ou 
ity Equive- Equiva 
& Net Ali” lente lents Activ 
per Gp sa” perl pert ity 
Temperatere for 1008 Hr 
a7 72 
“ 214 
2 RB 
Temperatare for 966 Hr 
v2 
‘ 24 
29 
mc Temperature fer Mr 
62 v2 
oC Temperetere for 16 Hr 
4 a9 
on 
‘ 
+“ 
Temperatare fer 44 Hr 
2 
24 
Temperatere fer Hr 
‘ 92 
, 
lal 
9 
227 
as 
“aA 
‘ 47 
T speratere f Mr 
4 18 
120°C Temperatare fer 24 Hr 
‘ 2 24 92 
‘ 8 
as 
Ry 
4 44 4 
‘ a Ta 
2 ‘4 2 66 
27 Se 
are eq t 


Fig. 4—Eftect of time 
is shown on the rate 
of solution in NoOH 


Ai,0, IN SOLUTION, PER CENT 


of trihydrete 
heoted to various 
temperotures. Pseu- a. 
do-equilibrium solu- 
bility in 9 g 
per | ot 150°C. 2 
ar 
of 
° - 2 20 26 


TIME OF DIGESTION IN HOURS 


The solubility of the a monohydrate in solutions 
ranging up to 365 g Na,O per 1 from 80° to 170°C 

much lower than that of the a trihydrate unde: 
the same conditions. Table III gives the densities 
and solubilities. Fig. 3 shows the solubility ex- 
pressed in the weight ratio Al,O,/Na,.O as a func- 
tion of NaOH concentration for various tempera- 
tures in comparison with literature values. The time 
for establishment of equilibriura is much greater at 
a given temperature for the a monohydrate than 
for the a trihydrate and only falls to 15 to 30 min 


at 200°C at 100 g Na,O per | 


The solubility of the 8 trihydrate is substantially 
greater than that of the a trihydrate at 40°C but 
nearly the same at 100°C. See Table IV for the 
limited solubility and density data for this phase 

Moderate calcination of a trihydrate in ai 
whereby the X-ray indicates a variety of struc- 
ture does not produce a major change in th 
pseudo-equilibrium solubility in 93 g Na,O per ! at 
150°C. This calcination, however, causes a decrease 
n the rates both of solution and of transformation 


to the stable a monohydrate phase. The effect of 


Table 'V. Density, Solubility and Equilibrium Constant of 
8 Trihydrote in NaOH Solutions 


2) (5) (@) (7) a) 
Den Ou Cels 
sity Equiva- Equiva (5) «7 
G Nae ALO lents lents Activ 

per MI Gp Gpl Nao pert pert ity 6) 
Temperature for 148 Hr? 

2 15.1 48 0.32 195 0.39 we 024 

35 0.28 0.198 0.96 19 

Temperature for Hr’ 
2 14.8 6.1 041 0.119 0.36 oe 033 
0.255 09! 97 0.26 
Temperature for 06 Hr 

2 14.7 0.4 0.133 038 

57 0 42 0294 97 0.32 

70°C Demperatere for 44 Hr 

22 043 0.156 033 099 47 

5.2 0.52 59 0.78 0.97 

Temperature for 16 Hr 

2 92 061 0.181 031 099 8 

” 52 218 62 428 0.71 197 7 

Temperature for 5% Hr 

126 15 10.5 0206 28 0.73 

2 72 0 496 97 7 

Temperature for Hr’ 
1 026 16.0 12.8 0.80 0.251 098 0.88 

29.1 08 71 0.97 
* Deta of Hayward and Perman™ for NaOH solutions 


Hours are approximate times for equilibriur 
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Fig. 5-—Eftect of time 
is shown on the rate 
of solution in NaOH 


of a wmonohydrote 
hected to various 
temperctures. Pseu- 


do-equilibrium solu- 
bility in 90 g Na.O 
per | at 150°C. 


ALPHA MONOWTORATE CAL CINED 
aT NOICATED TEMPERATURES 


Al,0, IN SOLUTION, PER CENT 


e 12 20 2 
TIME OF DIGESTION IN HOURS 


time on the solubility of these calcined products is 
shown in Fig. 4. Additional determinations of solu- 
bilities, at the times shown to produce maximum 
values, are listed in Table V. The hydration of the 
residues toward monohydrate is evident from the 
loss on ignition values 

Calcination of the a monohydrate at 500° to 
600°C, in contrast to the a trihydrate, increases both 
the amount and rate of the solubility. Calcination 
temperatures below 425°C are without effect and 
higher temperatures decrease the rate of solution 
The solubility of the calcined monohydrate de- 
creases upon long digestion as the monohydrate is 
formed again. These effects are shown in Fig. 5 
and additional data are given in Table VI 


Table V. Solubility of NoOH Solutions at 150°C of Partially 
Calcined Trihydrote 


Ig 
Time Dens nition 
Ig of ity Lows of 
nition. Selu G ALO Rest 
Calcination Loss, tien per SaO Lo duc 


Hr at Pet fir Mi Pet Gpl 

None 46 67 7 a7 1.16 

10.0 ‘ 78 aa 07 121 
300 28 2 8 882 of 4 29 6.1 
500 24 B4 eit 99 1.29 73 
600 lf ‘ 176 ag 94 1.23 5.8 
700 Le 178 89.7 97 lla 127 12 


a trihydrate heated at 1140°C, under conditions 
that it undergoes no 


lves at 150°C 


rmal change (a 
in 93 g Na.O 
as the uncalcined 
its solubility decreases 


such exothe 
y-type alumina), disso 
per 1 to the same extent in 65 hi 
hydrate in 15 min; thereafter it 
slowly while it rehydrates to 8.17 pct loss on igni- 
tion after 138 hr. The same material, heated in the 
small amount of a fluoride to an 
1092°C alumina), 
one-quarter as solubility in 164 hr 
this time only to 0.28 pct. The 
ydrate gives similar 
ponding calcination 
NaAlO, Solution The densities d in 
grams per milliliter for solutions of NaOH saturated 
at T °C with a trihydrate (at least for 
tions up to 200 g Na,O per 1) can be expressed by 
the formula 


presence of a 
exothermal transformation at 
has only much 
and rehydrates in 
hydrothermally 
results under 


Density of 


formed a monoh 


corre 


concentra- 


d 1.002 + (0.00109 5.9x10°T) (g Na,O per 1) 


or by its alternate form 


d 1.002/[1 (0.0109 + 5.9x10°T) (pet Na,O) } 


The equations for solutions saturated with hydro- 


thermally produced a monohydrate are 


d 1.002 + (0.00114 3.1x10°T) (gz Na,O per 1) 


d 1.002/{1 (0.0114 + 3.1x10°T) (pet Na,O) ] 
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Other formulas which are useful for estimation 


of densities are 


d = 1.002 + 0.00125 x (g Na,Oper!]) + 
0.0005 x (g Al,O, per 1) 


0.0125 x (pet Na,O) 


0.0005 x 


d 1.002/ (1 
(pet AlO,) 


The densities of a number of representative solu- 
tions, beside being determined at a definite room 
temperature, were also determined at a measured 
elevated temperature in the vicinity of 80°C. The 
equations representing the change in density with 
change in temperature of measurement are as fol- 
lows 


d, d, 


where a is 0.00075 for 75 to 100 g Na,O per | and 
0.00077 for 100 to 125 g Na,O per 1, both solutions 
being saturated with alumina 


(T-25) Xa 


Hydrolysis Equilibria 


For the reactions 
Al(OH), + OH 
OH ~ AlO 


» AlO, + 2H,O 


AIOOH H.O 


the equilibrium constants K for the case that solid 


alumina phases are present and the activity co- 
efficients of the OH ions and AlO, ions are equal 
are 
X As 
K, 
( a 
C. An, 
K 
Con 


the equivalents pe 
and Ay; the 


where C, and Con are 
of aluminate and hydroxy! 
activity of the water 
Hayward and Perman” 
sure of water over NaOH solutions from 30 
and at concentrations up to 450 g Na,O per |, 
Robinson and Stokes” reported values at 25°C 
a range of concentration. The use of these values 
for the activity of water in Tables I, HI, and IV 
assumes that they are independent of temperature 
and of the amount of alumina dissolved in the 
tions. The last columns of Tables I, III, and IV show 


measured the vapor pre 
to 80°C 
and 


over 


SOiu- 


vet, 


= 


foun 


ors 4 


40 39 36 87 88 


oterer 


Fig. 6—Equilibrium constants of alumina reactions with NoAlO 
solutions are plotted vs temperoture 
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Table Vi. Solubility ia NeOH Solutions at 150°C of Partially 


Colcimed « Monohydrate 


Time Dens 
ig ef Se ity 
nition ALO 
( aletnatien wee tien per Ne O 
ot Pet Mr Gp Pet 
2 
ay 
‘ 
7 
the ‘ f 
th Na ncent 
‘ ‘ 
it ) 
‘ ( 
‘a 
how 
rye ‘ it tr? 
‘ ‘ ‘ 


‘ ‘ 
re j 

‘ wate 


irate 
K 01 
4.574 
thrive ‘ lat 
ke 
ne te 
wid, HAIO \ Hi 
Transition Temperatures 
40 4760 
4.574(4.11-2.22 
The culated tral temperature 


0 NaOH oncentrat 25°C for 
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(0.9 activity H,O), 23°C for 140 g Na.O per | (0.8 
activity H,O), etc. The @ trihydrate is unstable with 
respect to a trihydrate at temperatures below 145°C 

The stabilities shown by this work for the hy- 
drated alumina phases are difficult to reconcile with 
other experience. a trihydrate is produced in the 
Bayer process, although the hydrothermal-type a 
monohydrate is the stable phase. Even more con- 
fusing is the fact that freshly precipitated a mono- 
hydrate left in alkaline solution at room tempera- 
ture may gradually transform to § trihydrate and 
then finally to a trihydrate. However, the coarse a 
monohydrate produced hydrothermally is not con- 
verted to a trihydrate on standing in dilute alkali 
at room temperature. Two factors may provide the 
explanation: 1—the transformation of a trihydrate 
to hydrothermal-type a monohydrate is extremely 
sluggish at room temperature and 2—the a mono- 
hydrate form usually produced by precipitation is 
much more soluble than that produced hydro- 
thermally. Evidence on this latter point is in the 
work of Goudriaan quoted earlier. It should also 
be remembered that a monohydrate is produced by 

wderate heating of a trihydrate and that partially 
ilcined a trihydrate is as soluble as the uncalcined 
trihydrate. As a matter of fact, the curve for a tri- 
hydrate calcined to 425°C, Fig. 4, which shows a 
jecreasing solubility with increasing time of diges- 
tion might well result from a change from a mono- 
irate (from calcination) to a monohydrate (hy- 
irothermal). Other evidence that all the phases 
which show a monohydrate to the X-ray are not 


equivalent has been shown by the compilation of 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1956, and in AIME 
Metals Branch Transactions, Vol. 206, 1956 
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Oxidation of Phosphorus and Manganese During and After 
Flushing in the Basic Open Hearth 


LUSHING the early slag from a stationary open 
hearth having a high percentage of hot metal in 
rge is necessary in order to remove silica from 
1e system. The flush slag is strongly oxidizing and 
s somewhat acidic. It has, however, considerable 
capacity to extract phosphorus from the bath and 
it also removes considerable manganese It seems 
probable that factors which control the distribution 
of phosphorus and manganese between slag and 

al in the refining period also should be dominant 
t flush and postflush periods. Several studies 
summarized elsewhere, support the viewpoint 
that conditions closely approaching equilibrium for 
these elements are rather readily established dur- 
ing the refining period. Over the years these studies 


have repeatedly demonstrated that 1—high slag vol- 
ime, 2—low bath and slag temperature, 3—basx 
slag, and 4—strongly oxidizing slag favor rapid 


elimination of phosphorus from the bath to the slag 


They also show that the following conditions favo! 
retention of manganese in the bath: 1-—low slag 
volume, 2—high bath and slag temperature, 3 

basic slag, and 4—minimum oxidizing power of slag 
When it is considered that the flush slag often car- 
ries as high as 75 pct of the manganese charged and 
only 25 to 60 pct of the phosphorus charged, it is 


evident that in removing silica much manganese is 


acrificed but phosphorus removal is far f 

plete. Because of overriding circumstance this is 
accepted in most operations and actually it is con- 
sidered to be inevitable This may account for the 


fact that little attention has been paid to conditions 
affecting the elimination of phosphorus and man- 
ganese in the flush slag. A recent study of the be- 
havior of various charge oxides has developed con- 
siderable information on the flush and postflush 
periods Because the data are felt to be of ge neral 
interest, they have been brought together and pre- 
ented in this paper. The object is to show the vari- 
ous factors in the flush and postflush periods whic! 


nfluence elimination of phosphorus and manganest 


Physical Conditions During and After Flushing 
Physical conditions existing during the flush vary 
from plant to plant, from shop to shop, from furnace 
ace, and even from heat to heat. They are 


tror y influenced by the physical and chemi 


al 
character of the charge oxide which is ordinarily 
necessary to provide sufficient oxidizing power early 
n the heat Invariably the period is characterized 
by a vigorous reaction between the principal re- 
actants: the hot metal being added and the charge 
oxide. During the flush, it is probable that the slag 
acts to some extent as an oxidizer; but, because of 


the critical influence of the behavior of the charge 


oxide on flushing action, it seems apparent that the 
Kidde he nant oxidi: 
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the course of two heats which were selected as be- 
ing typical of the group studied. Heat A was charged 
with 55 pct hot metal, based on the total metallics 
charged, and heat B had 57 pct hot metal. As indi- 
cated in Table I and Fig. 1, the melt-down slag, 
which is not usually voluminous and which is prin- 
cipally FeO, expands greatly in volume and will 
show rather high levels of SiO, MnO, and P,O, very 
soon after the beginning of the hot metal addition 
Simultaneously, large volumes of CO are liberated 
which cause violent mixing of slag and metal. It is 
of interest to note that the time required to bring 
carbon down to a low level is very much longer than 
that required for the removal of silicon, manganese, 
or phosphorus. At the end of flush, carbon in the 
bath is still approximately 2 pct 

When strongly reducing hot metal is brought into 
contact with strongly oxidizing conditions within the 
furnace, it is probable that the rate of mass transfer 
to the slag (and atmosphere) of silicon, manganese, 
phosphorus, and carbon initially depends principally 
on the rates at which the two participating phases 
are brought into contact That is, it depends on the 
nature of the various reactions. Later in the flush 
period, when the scrap is virtually all dissolved and 
the action of the bath has settled down to a steady 
and somewhat gentle boil, it is likely that other fac- 
tors, such as the transfer of oxygen across the slag- 
metal interface, become dominant. The temperature 
of the slag-metal system is far from uniform. Heat 
is being driven by the flame down through the slag 
Subbling and surging of the metal also frequently 
brings portions of the bath in contact with the flame 
At areas of contact between the ore and liquid metal, 
or slag and liquid metal, the oxidizing reactions gen- 
erate much heat. On the other hand, scrap is being 
melted which tends to absorb large quantities of 
heat. Because the liquid bath is high in carbon, the 
steel scrap is brought into solution rapidly. This can 
proceed at a rather low temperature; and until much 
of the scrap has been taken into solution, the bath 
temperature would not be expected to increase ap- 
preciably. Consideration of these factors leads to 
the conclusion that during the flush period the slag 
should be rather hot and the bath relatively cold 
joth observation and temperature measurements 
bear this out 

Experimental Data 

The extended program of charge oxide evaluation 
permitted study of the widely varying conditions 
existing during the flushing period. Slag and metal 
analyses and bath temperatures reported herein 
(Tables I and Il) wert obtained toward the atter 
portion of the work. Four different types of charge 
oxide, sinter, two types of hydraulic cement-bonded 
ft ores, and a pyrobonded agglomerate were used 
n the study. Although the heats reported were from 
only one 205 ton furnace, they show variations in 
flush slag analyses all the way from 25 pct FeO, 
which is typical with the use of a hard natural 
charge ore, to 45 pct FeO which resulted when a 
ine ore was used. The 


so 


very poorly agglomerated 
physical behavior of the flushes showed a corre- 
spondingly wide variation from well controlled re- 


actions to violent surges following periods of inac- 
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Table |. Flush Slag Composition 


Time Test 
Taken, Min Slag Analysis, Wt Pet 
from Clesing 
Meat sles Flesh Hele Po MaO FeO Fe MsO ALO, 
254 ‘9 “M7 12.1 265 5.1 3.9 
flu 3.25 3.8 13.9 244 5.1 
62 18 18.7 19.5 5.1 
. 768 68 268 218 21.0 77 41 
r 24 04 8.78 20.2 24.6 22.0 7.7 41 
) 64 14.6 25.3 12 18 
‘ 2 0F 28.5 14.6 28.7 40 38 
; 47 ‘ 28.8 15.3 28.1 5.2 4.0 
‘ 206 in 92 27.7 299 10.5 5.5 
260 19.8 12.0 37.0 49 42 
24 9 68 43.6 10.5 23.18 5.0 43 
4™ 44.46 10.9 19.20 37 38 
an 7 49.1 116 25.28 3.7 45 
465 8.26 69 14.3 21.7 54 46 
74 49.3 91 16.24 49 42 
6 97 58 9.3 17.04 5.0 43 
22 738 746 18.38 45 
8&2 48.1 95 18 BO 19 
‘ a 87 448 89 19.58 44 4.0 
G 274 28 3.3 12.5 25.3 49 42 
24 $3.3 13.5 25.0 5.0 43 
ef ‘ 31.2 16.4 20 3 4.7 a4 
2 oe 9 75 24.5 23.1 75 63 
Flush slag samples were dipped from the runner 
Or aT Lute and each flush slag analysis reported in Table I was 
. os HEAT A obtained from a composite of five to seven tests 
taken during the flush. Postflush slag samples were 
. dipped with a conventional spoon from the furnace, 
~ 
\ usually at the door through which the hot metal was 
; poured. Bath tests were taken almost simultane- 
3 \ ously with the slag samples. Each spoon test was 
rf ~ killed with high purity aluminum wire after the slag 
2< (ec) . had been pushed away from the center of the spoon 
; . ~ o The test was poured in a steel box. Tests showing 
:. ea =~ 4, slag or more than 0.002 pct Si (nil) were discarded 
No reliable bath analyses were obtained until very 
: ee late in the flush because of the lack of complete 
. Pe mixing. Careful analytical work ensured an ac- 
— . od curacy of two significant figures in the manganese 
determinations 
Temperatures: Temperatures of the bath for both 
5 
cu TIME (he postflush and tap periods were carefully obtained 
with a conventional immersion Pt—Pt-10 pct Rh 
; thermocouple. The potential of the thermocouple 
SS was measured with a small portable potentiometer 
4 The temperature read is estimated to have been 
‘ aie within +20°F of the temperature of the liquid in the 
j XY vicinity of the thermocouple tip. Temperatures were 
ry ~ P obtained during and after flush and just before the 
 « lime boil began. This was done as safety permitted, 
, which usually was 5 to 15 min after closing the flush 
su* 2? hole. The flush hole was closed as soon as the flow of 
¢? ~i% ™ lag was reduced to a dribble. On several heats, 
. pina “eens some slag was flushed as a result of subsequent reac- 
j7 - wh tions. As shown in Table II, another set of postflush 
“= temperatures and slag-bath samples were obtained 
a an on several heats between approximately 15 and 45 
a — min after the end of flush 
After the test program had been completed, re- 
= ViI@E & view of the data indicated that the bath tempera- 
Fig. 1—~Graphs give slog ond meta! onclyses of heats A ond 8 tures for the series did not permit satisfactory inter- 


during ond after tush periods represents slog components and 


metal components 


tivity he unusually high leve f MgO in some of 
the postflusl ags probat esulted from bottom 
eros) conait was typica f a heat which 
had a high erratic flushing action and the behavio 
was particularly characteristic of heats using the 
pyrolx nded agglomerate 
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pretation of the data. As a result, slag and bath tem- 


peratures were obtained on several additional heats 
on the same furnace and, as a matter of interest, on 


a 250 ton unit; see Table III. The temperature dis- 
tribution in the slag and metal layers in the postflush 
period when the bath action had settled down to a 
gentle boil is approximately as shown in Fig. 2 

At this point, it may be of interest to note a few 
of the observations made during the temperature 
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surveys. At times when it was possible to get a 
thermocouple into the bath while the system was in 
very violent agitation, it was noted that there ap- 
peared to be no sharp change in temperature in the 
vicinity of the slag-metal interface and actually 
there was a 100° to 450°F difference between the 
slag and metal. Measurements of slag temperatures 
were most difficult immediately after hot metal be- 
cause the wild action in the bath made it impossible 
to hold the thermocouple at a constant level in the 
slag as the temperature was taken. Bath tempera- 
tures were relatively simple to measure in areas 
where there were no visible scrap boils. On the 
other hand, it was obvious at times that the mixing 
was so violent that there was no regular and clear 
separation of the liquids. By slowly letting the 
thermocouple tip sink gradually through the slag 
and metal layers, it was possible to get an indication 
of the temperature gradients between the two phases 
and within each phase. Fig. 3 shows one trace 
Table III reports several measurements which ap- 
peared typical 

In general, even with a skull on the bottom, the 
thermal gradient in the bath was 10°F or less. The 
gradient in the slag layer to within 1 or 2 in. of the 
top surface was approximately 35° to 70°F. Where 


larger gradients are shown in the table, it appears 
that violent mixing of the slag and metal prevented 
a clear interpretation of the location of the interface 
It seems from these data that the large temperature 
difference observed between the slag and metal prob- 
ably was confined to the interface between the two 
phases. 

Even toward the end of flush, the metal bath was 
about the same temperature as that of the hot metal 
added. The data collected were not sufficiently com- 
plete to show whether or not the bath temperatures 
were influenced by the temperature of the hot metal 
A correlation is to be expected. However, it seems 
certain that other factors such as the degree of melt- 
down before hot metal is added will be of consider- 
able importance also 

The slag gains temperature much more rapidly 
than does the metal because: 1—the liquid products 
from the strongly exothermic reactions go quickly 
into the slag, 2—-the slag is directly exposed to the 
flame, 3—the slag has a much lower total heat capa- 
city than the bath, and 4—heat absorbed 
from the bath while scrap is being brought into solu- 
tion at a relatively low temperature by the high 
Later, the lime boil will tend to keep 
and the slag 


is being 


carbon iron 
down the temperature in both the bath 


Table II. Slag 


Slag Bath 
Desig- Tempera 
nation ture, °F Mn Pr si FeO 
Flush 
IF? 251 7 2 0 08. 0 037 0.002 28 
6F 2400 2 62 8 0.04 27 
7F 245 2.59 4 m2 00 2 23.5 
F 243 2.32 2 0.04 28.9 
OF 24 264 017 44 0.038 2 26.8 
6F 2 66 0 02 081 0.002 48.1 
TF 24 2.79 0.014 0.055 0.084 0.002 “6 
2iF 25K 71 097 0.109 On 0 002 13.4 
Postfush? 
2P% 24 2 4 032 0.047 047 0.002 289 
2.18 01! O78 135 0.002 79 
4} 2 051 ( 
2 2.09 02 028 28 
vi 24 2 19 034 039 002 202 
I 25 076 0.018 0 002 17.5 
2P 25 032 0.031 2 12.8 
2 ¢ OS€ 037 002 92 
‘P 25% 22 0 021 041 0 046 02 24.9 
P 2¢ 0 of 0.110 0.049 0.002 148 
ar 24 250 015 0 0 040 “48 
17F 247 2+ ol4 0.045 0.044 002 69 
2490 0.016 0.040 0.002 
205 2400 224 0.019 0 044 0 O55 2 W 6 
22} 2481 ‘ 0 048 2 199 
23F 2595 0.002 12¢ 
245 251 024 0.042 0 002 144 
255 24% 0.037 0.002 
265 2505 2.06 0.021 137 0.037 25.9. 
Kefining 
IR? 2740 2 0.052 0 009 0.033 0.002 20 
IR 2890 0.030 0 00€ 0 0 002 26 83 
2R 289 0.18 065 0 040 2 20 50 
R 276 15 0.092 0.009 ( } 002 26 
R 290 8 070 09 ( 002 258 
sR 27 22 42 one 19 21.0% 
R 2825 lé 0.075 0 04 oo2 
6R 2755 + 068 0 038 
6R 2920 0.08 0.039 ‘ 0 029 rz 27 48 
BR 281 0.081 0.019 Mr? 43 
BF 2047 42 0 009 22 32 
oR 29 107 + 108 0.033 22 3 
R 282 07 w2 25 2 
IR 29 5 2 248 
R 284 ” 0 002 246 
2R 287 » 058 007 2 249 
2 0.06 0.038 0 008 0.022 231 
29 00 0.006 25 48 
SF 29 0.025 0 008 0.023 0 002 
2s 0 045 0 008 002 248 
oF 27 OBE 0 007 
24R 256 024 0 006 213 
25R 28 0.121 0.012 0 002 22.7 
26R 29 72 0 027 0 009 0 032 0.002 200 
ITR 2Re 0.075 wT 0 002 16.77 
-s 
before to 15 min after end of flush 
: Numbe jicate individua! heats, letters designate period of heat 
flier « i of flush 


and Metals Analyses for Experimental Charge Oxide 


Analysis, Wt Pet 


FeO Mao ro cad Al,O,* uMyo* 
24 7 4.18 16.7 23.0 4.1 7.7 
2.29 671 2¢ 2 2 41 7.7 
24 2 6 2124 2 & 41 7.7 
2.8 +29 16.8 20.98 41 7.7 
72 9 a 7.68 214 21.02 41 7.7 
2i4 44 21.7 28.8 4.17 626 
2.14 14.2 2.69 ‘4 4.1 7.7 
14 iZ5 414 77 
2.72 89 40 4) 77 
2.14 8.7% 4.1 7.7 
1.14 10.9 a 24 2.85 08 
2 27.7 5 46 10.50 
18 456 209 2.85 11.18 
947 278 25.4 29.2 2.85 15.08 
4.29 4 89 La ae 
20 2 538 464 
445 4 146.9 9 450 am 
2.72 7. 480 687 
ia 23.8 2.85 15.08 
4 274 2 9.28 
72 467 236 24.7% 4m 9 460 
73 29 ‘ 11.34 25 
8 2 4 2 7 ‘ 
7.15 4 2.42 £9 2 
‘ “8 2.62 2 
744 4.32 2 2 
945 22 2s 
4.72 8 “4 2¢ 2 
28 ae 2 
73 42 2.1 ’ 7 2 
2 2 sir 2 if 
a4 2 OF 24 2 
Me +“ ‘ 2 
87 74 12.7 ‘ 
7 ‘ Be ’ 2 82 4 ‘ 
728 1.7 2 #2 4 Of 
894 2 2 “4 24 178 
24 7 2 7“ 178 402 
‘4 2 92 4 278 6.72 
571 18 43.2 911 
424 242 279 6.72 
164 f 279 6.72 
4.72 9 i4 425 ‘ 2 27 
and subecript 2 ind the second f two samples taker 
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i! Comparison of Temperctures and Temperature Gradients 
of Bath and Sieg im Postflush Period 


Tempera 
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Sleg Meta Sieg Meta Time and Period 
Ten Pernace 
2 
Purnace 
2:17; F 
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POSITION 
\ 


a00 2600 2800 3000 


TEMPERATURE °F 


Fig. 2—Temperatures in slag and metal in postflush period 
are presented schemotically 


Phosphorus: From equilibrium data, Winkler and 
Chipman established the following equation and 
tant f the distribution of phosphorus between 

1 bath of carbon-free iron and basic slags” 
iabie designates siag 

esignates meta ponents 
Pct O] +4(CaO’) = (4CaO~xP,O,) [1] 
(4CaO = P,O,) 
on MN 


pret ry pret O)'(CaO ) 
71,667 
T 


28.73. [2] 
Eq. 1 and constant (Eq. 2) have been modified to 
apply to the basic open hearth system’ as follows 

Pct P] 5 (FeO) 4(CaO’) P,O,) 


(4CaO [3] 


(4CaO x P,O,) 
[Pet P}*(FeO)*(CaO’)* 
40,067 


log K iog 


15.06. [4] 
Herasymenko and Speight* have presented an ionic 
treatment Based on Winkler and Chipman’s 

established the following constant 


slags 
data, they 

[Pct P] (O°) 
14,660 
i(Ca™) + 7.44 

T 
flush slag data from Table II are applied to 
Eqs. 4 and 6 with the shown in Figs. 4 and 
). Fig. 4 shows Winkler and Chipman’s curves for 
10°F If the as- 
umptions of slag behavior inherent in the Winkler- 
Chipman treatment’ are still valid in the vicinity of 
F, the phosphorus distribution ratio 
(4CaO P,O,) 
[Pct P}’ 
may be expected to be approximately 10° times as 
slag at 2500°F (the average bath 
in this study), as at 2910°F. Thus, in 
condition is being approached 
tted, it would appear that the ap- 


Gata piotted, it 
for this eq t nearer 


Ali 


log K 


results as 


extrapolated towards the acid side 


2500 


reat for a 


grea given 
temperature 
Fig. 4 

for the 


fan equilibrium 


paren 


2900° than 


emperature 


2500°F. It must be recognized that the 
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ex g | 
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| 
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TEMPERATURE 


Fig. 3—Temperature trace shown was token os thermocouple was 
lowered through slag and moved in bath, 55 min after hot metal 
was added in 205 ton furnace, heat No. 89! 

system is not in thermal equilibrium. These rela- 
tively acid slags to Eq 6 
on Herasymenko and Speight’s* plot (Fig. 5), also 
indicate that it is possible to interpret the data as 
representing equilibrium at approximately 2900°F 
From the follow-up study of slag and metal tem- 
peratures on this furnace, i 

pertinent to think of the slag temperature than the 


when plotted accordin 


t appears that it is more 


et emperature. Plotting these same data as log 


K (Eq. 4) vs 1/T also tends to verify the view- 
point that there is an apparent temperature of equl- 
librium which lies very close to the approximate 
The three methods of treating the 
data are all related and, consequently, really give 


comparison with established equili- 


slag temperature 


only a single 
brium conditions from other studies 

It is considered probable that the distribution of 
phosphorus between slag and metal is very close to 
equilibrium, based on the estimated average slag 
temperature in the late and postflush periods be 
Cause 

1— With the exception of the effect of metal tem- 
perature, the data fall quite consistently on estab- 
lished correlation plots 

2—The apparent temperature of equilibrium from 
the methods of correlation is very close to the tem- 
perature of the body of the slag (approximately 
2900‘F) as measured on several very similar heats 
in the early postflush period 

3— The manganese and phosphorus contents of 
the metal reach low levels late in the flush period 
Subsequently, levels of these components in the bath 
gradually increase as slag oxidation drops due to 
carbon removal (Fig. 1). It is felt that this reversal 
of direction of net movement indicates strongly that 
equilibrium has been reached. The exchange of 
these components from the slag to metal could well 
be controlled by the slag temperature rather than 
the bath temperature, because it has been found 
that the level of oxidation of the slag rather than the 
level of bath oxidation is of paramount importance 
in the refining reactions Also, phosphorus and 
manganese are relatively high in the slag and low in 
the bath. It must be noted that this is the reverse 
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of the condition early in the flush when the metal 
is high in these two components while the slag is 
low 

4—The transfer of phosphorus from slag to metal 
was shown to take about 15 min to reach equilib- 
rium in an induction furnace.’ The violent agitation 
of metal and slag in the flush period in the open 
hearth probably ensures as good or better mixing 
Early in the flush in the open hearth furnace, the 
transfer of phosphorus is from metal to slag but 
later it apparently reverses and takes place from 
slag to metal as was the case in the induction fur- 
nace work. The smooth and consistent increase and 
then decrease of phosphorus in the slag accompa- 
nied by a corresponding decrease and then increase 
in phosphorus content of the metal indicates that 
the rate of approach to equilibrium is fully as fast 
in the open hearth as in the induction furnace 

5—Conditions during the refining period are not 
greatly dissimilar to those during the late and post- 
flush period. It has been demonstrated that refining 
slags approach equilibrium with to phos- 
phorus quite closely Major differences are that 
during the flush period the carbon content of the 
metal is high rather than low and the slag FeO is 


regard 


changing rapidly rather than slowly 


Manganese: Darken and Larsen’ have correlated 
the manganese distribution between slag and metal 


in a large number of basic open hearth heats by the 
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Fig. 4—Dephosphorization rotios in postflush period are shown 
Curves are from dota of Winkler and Chipman.” 
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Fig. 5—Postflush dephosphorization was correlated by Herasymenko's’ 
method 
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Fig. 6—Postflush manganese chemistry wos correlated by Darken 
and Lorsen’s’ method, and selected dota from Darken and Larsen 
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the f*re 


and Larsen’s points than if they were based on the 
measured bath temperatures 


Proposed Manganese Correlation 
Since Darken and Larsen’ proposed their correla- 
tion (Fig. 5), much more information has been ac- 
cumulated on the behavior of basic open hearth- 
ype slags. Taylor and Chipman* have established 
the activity surface of (Fe,O)?* over a portion of the 


Fe,.O the total iror the slag calculated to FeO 
FeO 2FeO FeO; ix the total oxygen combined with tr cal 
FeO ‘FeO FeO + 


MgO) -SiO,-Fe,O system. In addition, Chip- 
have redetermined the 


(CaO 

man, Gero, and Winkler 

value of Ky, (Eqs. 8 and 9) as follows for steel- 

making temperatures 

6440 
T 


to 


log Kuscow [10] 


Eq. 9 is more properly written 


a (MnO) x a[Fe] 


[11] 
a (Fe,O) a 


Ky. 
The equation can be simplified and altered as shown 
with the following modifications 


(MnO) yaseo 
a (Fe,O) [Pct Mn] 


e] approaches 1, a [Mn] [Pct Mn], and 
a (MnO) (MnO) yu Knowledge of a slag- 
metal system at equilibrium permits the calculation 
if y( MnO) 


(MnO) - 13 
(MnO) 


In order to use Eq. 13, the quantity du,» Is re- 
juired for each slag. This was obtained from Fig. 7 
which is based primarily on Taylor and Chipman’s 
iata and on Winkler and Chipman’s’ results. The 
Fe,O-SiO, side was recalculated from Schuhmann 
and Ensio’s* and Gokcen and Chipman’s’ data. Activ- 
ty of Fe,O on the CaO-Fe,O side was calculated 


from Taylor and Chipman’s* curves extrapolated to 
this side All of these sources were interrelated 
Publication elsewhere of the results is expected soon 


Fig. 8 shows data from basic open hearth-type 


at 
lags calculated according to Eq 
The points frorn 


19 na 
id and pi ed 


Winkler and 


against slag basicity 
4 
Ar 
“ 
— 
- 
wT. 
‘ 
~ — 
~ 
‘ 
re, 


Fig. 7—Activity of Fe,O in CaO (beses)-SiO, (acids)-Fe,O system 
is shown, based on dota of Taylor and Chipmon,” Winkler and 
Chip ” Schuh ond Ensio,” and Gokcen and Chipmon.” 
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Fig. 8—Dota points and curves illustrate effect of basicity on y.mn0 
in basic open hearth-type slags. 


Chipman’ are only those which fall in the range of 
usual basic open hearth slag analyses. The selected 
points calculated from Darken and Larsen’s data’ 
which appear in Fig. 6 are also shown here. Fur- 
nace data from Tenenbaum? are included as well.§ 


t Private communicatior Data are used in Figs. 17 through 21 
ref. 1 

i Darken and Larsen’s data are calculated to the present correia 
tion by means of the following equation which can be derived from 


Eqs. 9 and 15 
Pct Mn )oveerved Kus cow 


Pct ated Fe,O) 
The scatter in the data is very large, both for the 
operating furnaces and the laboratory studies. This 
may result in part from a lack of high precision in 
ihe analytical procedures such as in determining 
low manganese contents in the metal bath. It also 
stems from the fact that this correlation ignores the 
fact that the activity coefficient of MnO will vary 
with basicity (see Fig. 9). Thus, as will be shown 
later, some spread in the data in Fig. 8 would result 
even if there was no experimental error. The data 
from these two papers are for the most part from 
slags carrying 0.01 to 0.03 mol fraction of MnO. The 
Yoeo Curve is brought down sharply from 3 to less 
than 1 in crossing the basicity line of 2 in the direc- 
tion of higher to lower basicity. The change in the 
behavior of (MnO) in this region of the dicalcium 
silicate-(Fe,O) pseudo-binary is similar to what 
would be expected for lime. However, the change 
is somewhat less marked, probably because lime is 
considered to be a much stronger base than is MnO 

Data for the MnO-SiO, system” are also shown in 
Fig. 8. It is probable that with a basicity ratio of 
less than 1, MnO will function as a reasonably 
strong base. From that point to silica saturation, 
(MnO) 0.44, yuseo, equals about 0.25. Using this 
as a guide to the behavior of MnO in the somewhat 
acid range, the curve representing yu. is brought 
in tangent to the open hearth line below a basicity 
of one 

The heavy line from Fig. 6 can be calculated to 
fall on Fig. 8 by Eq. 14. It converts as a band (not 
shown) which follows the dashed line. The breadth 
of the band is a result of the variation of yuw-.o (Fig 
10) along each line of constant basicity in the ter- 
nary composition system. ycae.m is found by dividing 
the real value of aw... by Naem. The band is very 
narrow at B/A equals one; it spreads over a range 
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of two units in the range of B/A equals two and 
narrows again for higher basicities 

The points for the slag-metal systems during and 
after the flush period are grouped closely about the 
location of the line from Bell, Murad, and Carter's” 
data and the curve sketched in Fig. 8. These points 
were computed using the estimated slag tempera- 
tures. The same data calculated using actual bath 
temperatures have values of yuan.o, approximately 
three times those shown. If the argument that the 
slag temperatures are controlling in the manganese 
reaction is accepted for the same general reasons as 
proposed in the case of phosphorus, then these data 
are reasonably consistent with other data which are 
at or very close to equilibrium. It thus appears that 
manganese distribution in the flush and postflush 
periods may be rather close to equilibrium which is 
controlled by the slag temperature 


Discussion 


The study of conditions existing during the flush 
and postflush periods of basic open hearth opera- 
tions has focused attention on the generally known 
fact that the slag is not in thermal equilibrium with 
the bath. In the furnace studied, the slag is ap- 
parently much hotter than the metal by a matter of 
300° to 400°F. In other furnaces the differential 
may be somewhat smaller but the slag temperature 
is still close to 2900°F. A large number of tempera- 
ture measurements in the furnace showed very little 
difference in the bath temperatures from heat to 
heat during the period discussed. This is in spite of 
widely differing types of scrap charged, different 
melt-down conditions, and different charge oxides 

The rapid carbon drop during the postflush period 
indicates quite clearly that the slag-metal system is 
far from equilibrium with respect to carbon 

During the early period of flush, it appears that 
silicon, manganese, and phosphorus are removed 
somewhat in the order of the stability of their 
oxides. Because of the strong oxidizing action of 
the charge ore, mass transfer of these elements from 
metal to slag is very rapid and the periods for re- 
moval of the elements overlap 

During the flush the strongly oxidizing ore drive 
manganese and phosphorus into the slag. As a re- 
sult, in the postflush period when the oxygen level 
of the slag is dropping and the temperature is rising 
there is a slight reversion of these two elements 
from the slag to the metal. At this point, the system 
appears to be quite close to chemical equilibrium 
and may be able to stay so because of the small 
nass transfer of phosphorus and manganese which 
is necessary to adjust for the continuing decrease in 
slag oxidation. As pointed out previously, there are 
a number of reasons why the system may be clos 
to equilibrium with regard to manganese and pho 
phorus in spite of the fact that it is not with respect 
to temperature, carbon, and oxygen. With the smal! 
net transfer of manganese and phosphorus being 
from slag to metal at this period, there seem to b« 
reasonable arguments for the case that slag tem- 
peratures should be controlling Although larg 
temperature gradients are known to exist between 
slag and metal, the apparent equilibrium tempera 
ture obtained from the phosphorus data appears to 
be very close to the slag temperature. Calculation 
for the manganese distribution tend to bear out the 
conclusion from the phosphorus data 

A little data thus far collected indicate that the 
conditions described herein for phosphorus and man- 
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ganese during and after the flush may a apt the ridge for (MnC) toward the bases corner as 
} ifter the addition of hot metal! in ip heat compared to that for (Fe,O) tends to indicate that 
A further commentary on Fig. 8 may be of interest MnO is a stronger base than is Fe,O 
The " is points for the experimental flush, post- Conditions of violent mixing of slag and metal 
flush, and finishing slags are shown on a portion of! and the presence of undigested lumps of lime in the 
the cormr n triangle in Fig. 9 and line of n- slag which occur during the lime boil thus far have 
tant . are drawn. Some of th pread of the prevented a study of conditions with regard to man- 
F esults fr the . irves not ganese and phosphorus during this period 
be srallel to the lines of constant | ty, F } 
ed that th an the Summary 
the *fluct .@ data which fa . Data are presented which tend to indicate that 
tt 0 € at eq t phosphorus and manganese distributions between 
I ‘ a Aliit i 
sctivit coefficient ling n 9 de ig and metal closely approach equilibrium toward 
trate tan Gand ward stion of CaO the end of flush and just after flush in the basic open 
with S j the tem. Sir ta (FeO) hearth furnace The apparent te perature for these 
int) ‘ the } hest act ‘ equilibria appears to be much close! to the average 
i 
the ag temperature than to the bath temperature. At 
, Ca — ind 3CaQ-2S8i0. witl he this period in the heat, a temperature difference of 
he Oa Ming) «how ts basic beha om tine as high as 450°F may exist between the two phases 
the etivit efficient Tt lifference is strongly dependent on the furnace 
¢ a 
‘ elf and the particular conditions prevail- 
‘ ‘ ) ‘ 
efficie and each heat 
4 The effect of slag composition on the activity co- 
‘ ‘ eff ent of MnO tre ‘ag is estimated 
“ i 
while ver f t The displacement ot 
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sl F. Kettering To Open Hearth and Refractories and A. Buzzalini Chosen 


Combustion. Included under Acid 
° Open Hearth ar apers on Vacuum smi 
Receive Hoover Medal p Mining Branch Secretary 
Aluminum in Acid Open Hearth 
The Hoover oe for 1955 will be Steels. The Refractories and Com- Arnold Buzzalini has been engaged 


Ass't. Secretories— 


Field Secretary & Ass't. Secy—*. £ 
Ass't. Treasurer—?. Apo 


presented to harles F. Kettering bustion session will cover combus- as the new Secretary for the Mining 
juring the Diamond Jubilee Annual tion, masonry, and operations prac- Branch of the AIME. Mr. Buzzalini 
Meeting of the American Society of tice in all their phases most recently has been manager and 
Mechanical Engineers in Chicago, In the afternoon the Metallurgy 
Nov. 13 to 18, 1955. The medal is and Operating sessions have papers 
given for distinguished public ser- on Desulphurization of Hot Metal for 
vice by an engineer Dr Kettering the Ope Hearth, Desiliconization of 
graduated as a mechanical engineer Hot Metal for the Open Hearth. The 
from Ohio State and has hor Contre f Residual Metallic Alumi- 
de ee fre 29 other instit im nm the Production of Deep 
He served for 27 years as vice 1- Drawn Steels. and The Benefits to be 
dent of General Motors Corp. and Derived the Use of Open 
general manager of its research lab Hearth Bath T tperature Controls 
oratorie A large number of auto- In addition picture : be 
otive inventior are attributable shown on the control of ingot surface 
te ! He n¢ etired and lives qualit 
in Dayton S. J. Dougherty, Weirton Steel Co 


i Chairman of the Anniversary 
Meeting and E. B. Snyder, Wheeling 
Steel Corp., is Program Chairman 


Pittsburgh Extends 
New Building Offer 


IMD Plans Seminars . 


has voted During March 1956 ARNOLD BUZZALINI 
extend it illion to 
neifr hinance a4 new engineering The Niagara Frontier Section in chief geologist of the uranium div 
t gt pr. 1, 1956. The expira conjunction with the IMD is arrang Pubco Development Inc., Albuquer- 
tior late had previously beer Sept ing to hold a three-day Conference que N. M He ha ilso been ecre 
19 4 oon as all five f the on Reactive Metals on Mar. 19. 20 tary of the New Mexico Geological 
ncerT 1 have ratified the and 2] 1956 Subjects of the con Societ nd of the 
plan fo mmiuttee of 15 to ference will include the research co! ttee for its nint nnual meet 
‘ " fact m the tuation and ay pra aspect of the meta ast M n Wa if N.M 
ak a rect 3 ng rg f titanium. zirconiur nolvb Arr Buz us he 
neniur vanadiun colu t alle fror mining 
f f r ct iti hin fnius Ther: will be ‘ He ame ¢ 
hoped that the five boards of Sane ¢ nlant the area ‘ 
imar ept i ese and fabr atior if late ate af Jeo? 
eve nendat ni mace The thee etal The arrangements are H pkir Per Stat Hj epe 
ould then be ettled soon n the hands of R. W. Fountain. C. W reer wa nt ipted | A three 
al e turn of the yea Hart, G. L. Cox, and Loren Smit! é tretch he Air Force, prin 
At it © weer ater on March 29 pa nA ir the rukor 
ina the Metals Branch, Southern After : pieting formal 
ittsburg ° 44 Plarcieal cal werk in the Bact and then went 


Have 10th Anniversary 4 1963 os 0 stall 


vf ai 
The program for this meeting tenta ogist exploration and eloy 
The AIME-NOHC Pittsburgh Sec- tively will include papers describing ment. Last year he joined the cor 
tion wv hold its 10th Anniversary both titanium technology and recent par trategic mineral ind a 
Meeting, Friday, Nov. 4, 1955, at the research on the physical metallurgy few months ag oined the staff of 
W Pe I It will be the f titantum. The Committee for Ar his present employer. He has visited 
traditional Off-the-Record meeting rangement consist of Leonard mine n the West, extendir fror 
Ne jitaneou meetings will De Jaffe  nairmar Pol Duwez Jin Alaska and the Yukon to Pachuca in 
held duriz the morning on Acid Long, and Jack Taylor Mexico 
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Ursula E. Wolff has joined the Gen- C. 8. Wiedman, Genera! Electric Co., 
Electr Ce lamp wire and Detroit, Carboloy dept., has been ap- 
jept., Cleveland pointed manager of carbide products 


phos} 

Robert S. Hogue, National Carbor development engineering. Prior to 

Cc e . 4 ed to Pitt the new appointment, Mr. Wiedman 

na ) itts " 

York had been product and process de- 

iror Or? 


velopment engineer 
Harry L. Anderson, Jr., Republi 
Steel Corp., Youngstown, is superin John E. Hatch has been transferred 


TT 


tendent. masonry dept by the Aluminum Co. of America 
5 from New Kensington, Pa., to Dav- 

Richard F. Gieselman has joined the 

; : - enport, Iowa. He will be assistant 
Eureka Williams Co., div. of Henney biel metallurcist 
Motor C Ir Jloomington, IIL, as 
esign neer in ordnance Geve! R. Ward, Genera! Electric Co., has 
i M Gi man had been been transferred to Shelbyville, Ind 
= ciated with the meadows div., from Schenectady. The company has 
I rp moved its industrial heating dept. to 


Emil A. Kovacevich, John P. Page, Shelbyville 


and William C. Thurber have been 
+} taff of the Oak E. M. Fitchett is now chief chemist 


Ww. C. RUECKEL 


app nted to ‘ Stait O1 
= for the tav-O-Vac Co Madiso 
Ridge National Laboratory Oak for th a a » Macison 
Rueckel Ridge Wis. He had been associated with 
‘ ‘ the Portland American Metallic 
e engineeri: t John F. Elliott, former assistant su Chemicals Corp 
Koppe ( Pitt perintendent, Inland Steel Co., East 
. | lent Ch Ind., has joined Massachu George M. Baumann, American 
i ‘ Oakiand, ( etts Institute f Technology, as an Smelting & Refining Co., has been 
Paul Schwarzkopf was « ted serred from Whiting, Ind. to 
n Elect Metal Gordon W. Johnson now project New York. Mr. Baumann is in the 
per Hunter Engineering Federated Metals div 
Rive ie, Calif. He had been 
John E. DeMoss ned the Ger tant director of production re R. Earl Penrod has retired as chief 
n M Vanadium Cort ¢ Amer metallurgist of the Johnstown plant 
M t Cc bridge. Ohi : of Bethlehem Steel Co. E. H. Hol- 
lenback, former assistant chief met 
pt W. T. Hudson has resigned as divi allurgist, will succeed Mr. Penrod 
P manager of Ralph Fair, Inc 
. and l reside in Denver to engage John Glasgow, formerly assistant to 
in private sine the superintendent, open hearth 


M iept., Jones & Laughlin Steel Cor 
William Justin Kroll has been s¢ & Lat eel Corp., 
r oter Oo 
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Sheldon Weinig recent eived 4 ~~ dent of the open hearth dept 
\ eve ‘ A irda f entec 
tt ‘ \SM. Alfred L. Boegehold, head of Bernard de la Bruniére, technical 
ine the etallurgy lept., resear h lab- advisor and U. S. representative for 
yratori liv.. General Motors Corp., Compagnie de Pont-a-Mouss« has 
Y " i ) ecipient of the ASM Gold returned to France for nsultatior 
N k Meda! on new technical de velopments 
, W. John King " tant plant su After visiting company plants in 
George J. Pischer, dire the serintendent Kaiser Aluminum &  Pomt-a-Mousson, Nancy, and Nelur 
ae = - Che al Cory Newark. Ohi Mr he will return to the U. S. next 
erly pia manag 
| Knox e Iron ( Knoxville 


t at t Philip R. White 

‘ Ir Murray Hill, N. J 

Mr. White had beer nember of the 

ese tory tiv General 

Motors Technology Center, Warren 
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Erwin O. Deimel accepte 
. ens ‘ Joseph Burr Tyrrell, director, Kirk 


M Co Ltd 

eet awarded Honor 
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T AIME membership on Aug. 31. 1955 
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embers 
n as pos 


fs ple are found 
unqualified for AIME 
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Cennecticut 
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Opbituaries 


Edwin Letts Oliver 
An Appreciation by 
T. B. Counselman 

On August 28th the American In 
titute f Mining and Metallurgical 
Engineers lost one of its most dis 
t Edwin Letts 
suddenly at his 
mmer home in Lake Tahoe 
was a Life Member of 


joined in 1902, and 


é Legion of 

Honor (¢ f 1952. He was a past 
Ul 4 the San Fran co Sex 

t 439 was elected a Director of 
the Institute in 1953, and was the re 
pient of the Jame Douglas Gok 
Medal f listinguished achievement 

netallurgy in 1955 

Edwin Letts Oliver was born in 

187 sated from the College of 
Mine { the University of Califor- 
100, and received the honor 

gree o! LL D from that same 

r 1945. His career in 
tallurg wa long and distir 

Z hed. Soon after graduatior he 
ned North Star Mines in Grass 
Vall Calif ind became involved 
the provement of gold recovery 
lecre ing lings losses 

led to the nent cf the 


EDWIN LETTS OLIVER 


Oliver continuous filter, the first suc- 
cessful unit of its type 

After conducting his filter business 
at night and en weekends for two 
years, while continuing as metallur 
gist of the North Star Mines, M: 
Oliver finally resigned from the 
latter position and in 1910 formed 
the Oliver Continuous Filter Co 
with offices in San Francisco, to 
market his inventions 

Through the various other 
types of filters and auxiliary equip 
ment were invented or acquired and 
in 1925 the Oliver United Filters In 
was formed, with subsidiary con 
panies in England and France. Mr 
Oliver continued as president of this 
company until Dec. 31, 1954, when it 
was merged with The Dorr Co. to 
form Dorr-Oliver Inc., of which he 
one of the two founder 


years 


became 
chairmen 
Mr. Oliver was active in many 
phases of me tallurgy besides the op 
eration of the company he founded 
In his early day he designed and 
built several cyanide plant n Cal 
fornia and operated a number ofl 
He was one of 


gold mines and mill 


the founder of the famou Idaho 
Marviand mine, for many years on 
of the largest of the U. S. gold pro 
ducers 

hi active interest in 


AIME, Mr. Oliver was a met 
the Mining and Metallurgical Soci 
ety of America; Chemical, Metallur 


gical, and Mining Society of South 
Africa: Societ f the G jen Bear 
Sig aX Delta Upsilor ind Sig 
Ga a Upsilon, a well as the Er 
ginee Club and Bohemian Club 
both of San Francis« 

Mr. Oliver irvived t 
widow, the former Minnie Griff 
Walker, t ne was married ir 
1¥YOS: two sor Willia I ind Ed 
win Lett Jr and two daughters 


Mrs Fred L 
Adrian Shannon 


Greenlee and Mrs 


Gustav A. Lillieqvist (Member 1944) 
research director for American Steel 
Foundries, Chicago, died of a heart 
attack on May 31 

Mr: Lillieqvist attended Polytect 
nical Institute of Zurich and the 
University of Berne, Switzerland, re 


ceiving his Ph.D. in chernistry in 
1924 from the latter institution. He 
was born in London, England, com- 
ing to the U. S. in 1924. In the same 
year he was hired as a chemist at 
the Granite City, Ill. Works of Amer 
ican Steel Foundries. In 1927 he was 
transferred to the research labora- 
tory in East Chicago, Ind. He served 
there until 1941 when he was ap 
pointed assistant works manager and 
chief metallurgist of the Indiana 
Harbor Works. In 1943 he became 
research director for the company 

Mr. Lillieqvist had been very 
active in the metallurgy of cast steel 
and devised numerous alloys and de 
oxidation practices. In 1933 he was 
named recipient of the AIME R. W 
Hunt Award 


An Appreciation of 
Carl Albert Heberlein 

By Max Heberlein 
Car] Albert Heberlein passed away 
unexpectedly at the home of his son 
in Bronxville, N. Y., on May 6, 1955 
Born on Jan. 7, 1870 in Braubach, 
Germany, he received his chemical 
education at the University of Bonn 
and came to this country in the early 
nineties. He spent a number of years 
first as prospector and then as as- 
sayer and plant operator in Colorado, 
Utah, Idaho, and Washington in cop 
per and lead smelters and refineries 
After the turn of the century his 
took him to Chiuhuahua, Tor 
reon, and Mapimi, Mexico, where he 
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Lectromelt* Furnace Equipment 


is popular in plants all over the worid 


HE furnace room is the pay-off room. Produc- 
g bn of every department that follows is lim- 
ited to what the furnace produces. Dependability 
is a prime requirement for the furnace equipment, 
therefore, and there must be a minimum of down- 
time for repairs. 


As furnaces are installed at mine mouths and 
other out-of-the-way places, it becomes increas- 
ingly important that they be dependable. They 


Manufactured in 
FRANCE: Stein et Roubaix, Paris 
General Electrica Espanola, Bilbao 


GERMANY: Friedrich Kocks GMBH, Dusseldorf 
BELGIUM: S. A. Beige Stein et Roubaix, Bressoux Liege 
ITALY: Forni Stein, Genoa. JAPAN: Daido Stee! Co., Ltd... Nagoya 


must also be readily adaptable to variations in 
processes, to keep step with process developments 
Dependability and versatility demonstrated by 
Lectromelt Furnaces throughout the past forty years 
account for their use all over the world. 


Catalog No. 105 describes many types of smelt- 
ing and refining furnaces. For a free copy, write 
Pittsburgh Leczromelt Furnace Corporation, 326 
32nd Street, Pittsburgh 30, Pennsylvania 


ENGLAND: Birlec, Ltd., Birmingham 
SPAIN 
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PRODUCTS that are 


improving the efficiency and speeding 


production in American industry 


USG" Brushes ore ovail- 
able in production or re- 
placement lots in carbon. 
carbon - graphite. electro- 
grephitic. pure graphite 
and metaigraphite grades 
for all types of roteting 
electrical equipment. 


GRAPHITAR® (corbon-graphite) is o 
versatile engineering moterial of 


carbon-graphite composition offered 


in many grodes for bearings, seols, 


pisten rings, pump venes, thrust 
washers, valve seats, pistons, bush- 
ings 


Metallurgical graphite 
grades for corbon control 
in iron and steel melting, 


mold coctings, hot tep- 


ping compounds, Cordip . 


Mexaloy for refractory 
mixtures and other MEX- 
ICAN products 


GRAMIX": Sintered-metol beorings, geers. 
coms, slides. rollers. bushings ond mechine 
ports available in ferrous ond non-ferrous 
olleys. The mete! with the bwilt-in lwbri- 
caten 


OUR 101ST YEAR 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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